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© Reaction vessel. 



<S) A reaction vessel for microassay is provided. The reaction vessel comprises a body structure having 
Sj£fcS^T«Fine reaction unit comprising a channel having at least one fluid inlet and at least one 
SSSSi^ in the downstream of the fluid inlet. The channel ^^^^^ 
and the reaqent-immobilized area has a reagent fixedly immobilized thereto. The results of the assay are 
S^TXS^mobllzed area. The channel may be provided with a reagent-attached area where* a 
reaqentls ^ teS attached so that the reagent may dissolve into the fluid flowing over the area. The channel 
S # a fluid sump for retaining the fluid within the reaction vessel. By us.ng the present 

reaction vessel, an assay at high precision may be carried out by a simple operation. 
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Application 62-215992 propose reaction vessels having a dish-like configuration. 

Bv using the dish-like reaction vessels of these patent applications, qualitative enzyme .mmunoassays 
may be carried out by a significantly simplified procedure. These reaction vessels, however, are still 
insufficient to make the best of the advantage of the enzyme immunoassays that they may be used for 

quantitative assays. , . 

The enzyme immunoassay involves a plurality of steps including, for example, sample d.spens.ng and 
addition of washing solution, solution of an enzyme-labelled antibody, chromogenic reagent and enzyme 
substrate. Accordingly, this assay is quite complicated and requires a prolonged period before an evaluation 
can be made. These drawbacks are yet to be overcome. 

For simplifying such an assay capable of conducting a quantitative evaluation, it would be essent.al to 
simplify the steps- of B/F separation and addition of sample and various reagents. In such respects, the 
abovermentioned dish-like reaction vessels are yet to be improved. 

SUMMARY OF THE INVENTION 

As set forth above, a highly sensitive simplified assay which may realize an accurate measurement by a 
convenient operation is not yet developed. ....-„, 
The reaction vessel of the present invention is developed in view of such a situation in the art. 
Accordingly it is an object of the present invention to provide a reaction vessel which is capable of 
20 conducting a highly sensitive assay with an accurate and simple B/F separation by simple sample and 

reaqent adding operations. 

Another object of the present invention is to provide a reaction vessel of a wide application including 
such an assay as enzyme immunoassays and assays using nucleic acid hybridization. 

A further object of the present invention is to provide a reaction vessel which is capable of assaying 
25 multiple items at a time by a simple operation. 

Accordingly, this invention is directed to a reaction vessel adapted for enzyme immunoassays and 
nucleic acid-hybridization assays which is capable of continuously carrying out a series of steps mclud.ng 
antigen-antibody or hybridization reaction. B/F separation, enzymatic reaction, and evaluate of the results 

in a relatively short period. .... 
30 The reaction vessel of the instant invention is capable of carrying out ordinary assays without any 
additional apparatus. However, the reaction vessel may be combined with other automate measuring 
apparatus for the purpose of continuously treating a number of samples or enabling a quantitative 

eVal A?co'rdingly the present invention, which fulfills the above-described requirements, comprises a 
35 reaction vessel comprising a body structure having provided therein at least one reaction unit comprising a 
channel having at least one fluid inlet and at least one reagent-immobilized area in the downstream of all of 
the at least one fluid inlet. The channel is provided with a vent mechanism, and the reagent-.mmob.Hzed 
area has a reagent fixedly immobilized thereto. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is a perspective view of a reaction vessel according to an embodiment of the present invention. 

FIG 1b is a cross-sectional view of the reaction vessel of FIG. 1a taken along a channel thereof. 
45 FIG'' 2a is a perspective view of a reaction vessel according to another embodiment of the present 

FIGS. h 2b 3^20 are cross-sectional views of the reaction vessel of FIG. 2a taken along lines A-A and B- 

RGS SP 3a! ,V 3b y and 3c are top plan views of segments of a reaction vessel according to a further 
<m embodiment of the present invention, 

fIg l 3d is a side view of the reaction vessel comprising the segments of FIGS. 3a, 3b ahd 3c assembled 

FlSTS and 3f are cross-sectional views of the reaction vessel of FIG. 3d taken along lines C-C and D- 

55 FIGM ^perspective view of a reaction vessel according to a still further embodiment of the present 

FIG-Tte a top plan view of a reaction vessel according to a still further embodiment of the present 
invention. 
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of FIGS. 3a, 3b and 3c assembled together, and FI6S. 3e and 3f are cross-sectional views of the reaction 
vessel of FIG 3d taken along lines C-C and D-D. respectively. 

FIG. 4 is a perspective view of a reaction vessel according to a still further embodiment of the present 

'"^FIg" 5 is a top plan view of a reaction vessel according to a still further embodiment of the present 

inVe FIGS 6a and 6b are top plan views of segments of a reaction vessel according to a still further 
embodiment of the present invention, and FIG. 6c is a side view of the reaction vessel comprismg the 
segments of FIGS. 6a and 6b assembled together. 

FIGS 7a and 7b are top plan views of segments of a react.on vessel according to a still further 
embodiment of the present invention, and FIGS. 7c and 7d are side views of the reaction vessel compnsmg 
the segments of FIGS. 6a and 6b assembled together. 

FIGS 8a 8b and 8c are top plan views of segments of a reaction vessel according to a st.ll further 
embodiment of the present invention. FIG. 8d is a side view of the reaction vessel comprising the segments 
of FIGS. 8a. 8b and 8c assembled together, and FIG. 8e is an enlarged cross-sect.onalview of the reaction 

vessel of FIG. 8d at part A of FIG. 8b. 

FIGS 9a and 9b are top plan views of segments of a reaction vessel accord.ng to a still further 
embodiment of the present invention. FfG. 9c is a side view of the reaction vessel of FIGS. 9a and 9b taken 
alanines XOC ^ ^ ^ ^ ^ ^ according t0 still further embodiments of the 

^Tr^rSon unit of the present reaction vessel essentially comprises a body structure, a channel 
provided in the structure having at least one fluid inlet and at least one reagent-immobilized area in the 
channel in the downstream of all of the at least one fluid inlet. The channel has a vent mechanism, and the 
reagent-immobilized area has a reagent fixedly immobilized thereto. 

Structure 2 may comprise one member as shown in FIG. 1a. two segments 4 and 5 as shown in FIGS. 
2a and 4 three segments 3. 4 and 5 as shown in FIGS. 3d. 3e and 3f. or four or more segments. 

Structure 2 may also comprise segments 4 and 5 and a pair of supports 9a as shown in FK3 6c. 
seqment 4 having a curved lower major surface and sheet-like segment 8 covering the upper major surface 
J segment 4 serving a lid for the channel as shown in FIG. 7c. or segments 3. 4 and 5 and p.ate 9b as 

^The^rucfore may preferably comprise at least two segments with the channel being provided in at 
least one of the channel for ease of providing the reagent-immobilized area and a reagent-attached area in 
the channel as will be described later. Alternatively, the structure may comprise a segment hav.ng the 
35 channel in an open state and a sheet-like lid covering the upper major surface of the segment with req Ul red 
Darts of the channel being left open. 

Structure 2 may also have a structure as shown in FIGS. 6c, 7c and 8d so that the reaction vesse will 
be inclined in the direction indicated by an arrow in each figure at the time of substantial completion of the 
reaction to indicate that the reaction has been substantially completed and the results are ready to be 
40 Qualitatively or quantitatively evaluated. ' . . 

The structure may comprise such materials as glass or plastic resins such as epoxy resins, polyacry .c 
resins, polyester resins, polystyrene resins and polyvinyl chloride resins. The material is e,ther hydroph.l.c 
in itself or can be made hydrophilic by. for example, providing a frosted finish. - 

The uppermost segment of the structure 2 may be a sheet-like lid. This lid segment may compnse 
45 various materials as enumerated above for the structure 2. but may also compnse a metal such as 
aluminum. The sheet like segment may be bonded to other part of the structure 2 by heat-seal or with an 
adhesive layer disposed on one surface of the sheet-like segment. 

Color of the structure is not particularly limited. When the results of the reaction are md.cated by a colo 
change, the structure may preferably be either totally transparent or comprise a transparent upper segrnent 
50 and white lower segment When the results of the reaction are indicated by fluorescence, the structure may 

^^XlZ^s^ded in at least one segment of the structure. Various liquids such as samples for 
example, urine and serum, washing solutions and reaction solutions as well as a.r passes through the 
channel. The channel has at least one fluid inlet. The channel is also in commun.cat.on w.th a vent 
55 mechanism such as a ventilatory outlet. 

The channel may have only one fluid inlet 10 as shown in FIGS. 1a. 2a, 4. 5, 6b. 8a. 9a, 10 and 12. i ne 
channel may also have two or more inlets 10 and 1 1 as shown in FIGS. 3a and 3b, and 7a 

When the channel is provided with a plurality of fluid inlets, a plurality of different liquids, for example, a 
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therebetween as shown in FIG. 14f. 

In the present invention, the term "capillary channel" does not necessarily des.gnate a part of the 
channel in its cross section as in the case of FIGS. 14c. 14e and I4f. The term may also designate a 
predetermined length of the channel, wherein capillary action is induced. 

Channel 50 may have an equal cross-sectional area throughout its length as in the case of FIGS. 1a and 
1b In such a case, the entire channel 50 comprises capillary channel 51. Channel 50 may include throat 60 
or throats 60 and 61 and fluid reservoir 70 or fluid reservoirs 70 and 71 in addition to capillary channels 51. 
52 53 54 and 55 as shown in FIGS. 2a, 3b. 3c and 4. The channel may also include fluid reservoir 70, 
reaqent attached zone S or zones S and T having reagent-attached area therein. reagent-immobiHzed zone 
X having reagent-immobilized area therein, and fluid sump 90 as shown in FIGS. 5, 6b, 7b and 12. The 
channel may also include a zone wherein a hydrophilic thread 59 is accommodated for allowing the the flu.d 
to flow therethrough as shown in FIGS. 7b and 8b. 

In the present reaction vessel, fluid reservoir 70 is provided near the fluid inlet. The liquid introduced 
into the reaction vessel is temporarily pooled in fluid reservoir 70 to enable a smooth introduction of the 
fluid into the reaction vessel. . 

Fluid reservoir 70 may have any desired size in accordance with amount of the fluids mtroduced into 
the reaction vessel and total internal volume of the channel. In a reaction vessel having fluid sump 90 to 
accommodate all of the fluids introduced into the reaction vessel within structure 2. fluid reservo,r 70 may 
have an internal volume to meet the equation: 

Internal volume of x Frequency of fluid < Internal volume 
fluid reservoir 70 introduction of fluid sump 90 

Fluid reservoir 70 may extend beyond the upper major surface of segment 4 wherein the channel is 
defined as shown in FIG. 9c for the purpose of increasing the internal volume. 

The throat controls the flow rate of the liquids within the channel, and at the same time, prevents the 

counterflow of the liquids. . 

The flow rate of the liquid within the channel may be readily controlled by prov.d.ng flu.d reservoir 70 
near fluid inlet 10 and throat 60 near fluid reservoir 70 as shown in FIGS. 2a and 4, or by further providing 
fluid reservoir 71 near fluid inlet 11 and throat 61 near fluid reservoir 71 as shown in FIGS. 3a. 3b and 3c in 
too Dlan views of each segment. 

In the embodiment whose top plan views of segments are shown in FIGS. 3a. 3b and 3c. throat 60 also 
prevents the liquids introduced from fluid inlet 11 in the upstream end of the channel from bang drawn into 
fluid reservoir 70. which is in communication with downstream fluid inlet 10. 

Fluid sump 90 accommodates the sample solution and various reagent and washing solutions which 
have gone through the reaction. Therefore, fluid sump 90 is formed in the downstream of the reagent- 

immobilized area. .,. . . cn . A 

In the embodiment of FIG. 4. fluid sump 90 comprises the part of capillary channel 52 in the 

downstream of reagent-immobilized area 30. 

In the embodiment of FIG. 5. fluid sump 90 again comprises the part of capillary channel 52 in the 
downstream of reagent-immobilized area 30. In this embodiment, however, the channel is dilated in its 
downstream end to define absorbent material-accommodating: area 80 to thereby increase the internal 
volume of fluid sump 90, and water-absorbent material 81 is accommodated in area 80. In the embedments 
shown in FIGS. 6b, 7b, 8b and 9b. fluid sump 90 also either partly or totally comprises absorbent matenal- 
accommodating area 80 wherein water-absorbent material 81 is accommodated. 

Typical water-absorbent materials include filter paper, high polymers such as so-called water-absorben 
, polymers, and natural fibers such as cotton wadding. The water-absorbent material is accommodated in at 
least a part of fluid sump 90. • „„j 

Preferable water-absorbent materials include a copolymer of polyvinyl alcohol and sodium acrylate and 
cellulose, whose volumes does not significantly increase upon absorption of water 

Water-absorbent material 81 may be accommodated within area 80 with or without fixedly securing the 
5 material to the area by a known process, for example, with an adhesive or by sealing. 

The amount of water-absorbing material used may be determined in accordance with the volume of the 
liquids introduced into the reaction vessel. Preferably, all of the liquids introduced into the vessel is 
absorbed by the water-absorbing material. 
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reactions. In the case of an immunoreaction. for example, the hydrophilic thread may have a circular cross 
section with a diameter of from about 0.2 to 1 mm. 

The configuration of the channel has been described in the foregoing. The fabrication of the channel will 

be described in the following. ,_ r . 

When channel 50 is defined in structure 2 comprising only one member as in the case of FIG. 1a, the 
channel may be formed by such means as boring. When the channel is defined in structure 2 comprising 
two segments 4 and 5 each having a part of the channel defined in its surface as in the case of FIG. 2a 
each segment may be molded by preparing a mold corresponding to the shape of each of segments 4 and 
5 introducing a resin material into the mold, curing the resin material, and knocking the molded segment 
out of the mold, and the molded segments may be assembled to define the channel therebetween. In the 
embodiment of FIG. 7c wherein structure 2 comprises segment 4 having a channel defined in its surface 
and a sheet-like lid segment 3, the channel may be formed by molding segment 4 and assembling segment 
4 with sheet segment 3 so that the channel defined in the upper surface of segment 4 is covered by the 
lower surface of sheet segment 3. It is to be noted that the channel may be formed by such means as 
boring even when the structure 2 comprises two or more segments. 

The segments are preferably bonded to each other with an adhesive. 

When structure 2 comprises a plurality of segments, for example, segments 4 and 5, or segments 3. 4 
and 5. adjacent segments, may not necessarily contact with each other on their entire adjacent surfaces 
other than the portion of the channel. 

FIG 15 is a partial cross sectional view of a reaction vessel according to one embodiment of the 
invention wherein the channel is defined by a pair of partitions 67 between adjacent segments. In this 
embodiment a pair of partitions 67 are provided on the upper surface of segment 4 to define channel 50 
therebetween, and segment 3 is bonded to segment 4 with adhesive 65. Therefore, adjacent segments 3 
and 4 are in contact with each other only along partitions 67. 

Partition 67 may preferably have a small width W for the purpose of a sufficient and uniform application 
of adhesive 65 along partition 67. , 

The adjacent segments may not necessarily be adhered to each other along a pair of partiKons 67 as in 
the case of FIG. 15. In the reaction vessel of FIG. 9a. 9b and 9c, segments 3 and 4 are adhered to each 

other only along four sides. 

Alternatively, the channel may be defined by extruding an adhesive to form a partition between two 

adjacent plate-like segments. 

FIGS 16a and 16b, which are an exploded perspective view and a partial cross sectional view of the 
reaction vessel, are presented for illustrating such a process wherein the channel is defined between two 
segments 3 and 4 by extruding adhesive 65 to form a pair of partitions. 

In this process, a sufficient amount of adhesive 65 is applied on segment 4 to form a pair of partitions 
along the path of channel 50 to define channel 50 therebetween. A spacer (not shown) having a height 
identical with that of channel 50 is placed between segments 3 and 4 before pressing segment 3 against 
segment 4 and curing adhesive 65. A reaction vessel having channel 50 defined with a pair of partitions 
comprising cured adhesive 65 is thereby fabricated. 

The adhesive used for bonding the segments together may preferably be an adhesive of room 
temperature-curing type which has an appropriate viscosity and which does not undergo contraction upon 
curing The adhesive may preferably haVe a low viscosity when it is applied to a large area, and a relatrvely 
high viscosity when it is applied to a small area. In the case of FIGS. 16a and 16b wherein the adhesive is 
extruded to define the channel, the adhesive should have shape-retaining properties. Typical adhesives 
include epoxy adhesive, vinyl acetate ! *dhesive, synthetic rubber adhesive and cyanoacrylate adhesive. 

It is to be noted that the step of bonding the segments together with the adhesive, or forming the 
channel with the adhesive may preferably comprise the last step of •fabrication of the present reaction 

When structure 2 is prepared from a non-hydrophHic material, it is required to make the surface of the 
, segments hydrophilic at least along a part of the channel so that the liquids introduced into the reaction 
vessel can wet the interior of the channel to smoothly flow along the channel. ■ - 

The process of preparing a hydrophilic surface is not limited to any particular process. The channel 
mav be prepared from a material having a hydrophilic radical introduced on its surface. The channel surface 
may be subjected to a surface-roughening treatment such as blast finishing, plasma treatment, laser 
5 treatment and frost finishing. Alternatively, the channel surface may be coated with a hydroph.hc substance 
such as an antistatic, for example, cationic surfactant or a protein. 

The material used to make the channel surface hydrophilic may be a copolymer of methyl (meth)- 
acrylate and (meth)acryl sulfate when structure 2 comprises a (meth)acrylic resin, and a styrene copolymer 
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11. branched capillary channels 52. 53 and 54 are provided with reagent-immobilizing areas 30. 31 and 32. 
respectively. ^ ^ ^ ^ ^ of ^ ^ of ^ wh j ch e 

Imnl^TXl reagent-immobilizing areas are those which do not interfere or react w.th each other 
5 Ten he reaction vessel is used for assaying a substance in a sample by an immunoreacfon. the two or 
more reag^ts immobilized in the areas are antibodies, antigens or haptens which does not cross-react w,th 

^ On^e other hand, the reagents which are immobilized in the reagent-immobilizing areas in the reaction 
vessel of FIG. 1 1 may interfere with each other. 
,o When two or more reagents are immobilized in the reaction vessel as set forth above one may be used 
for datetioTJri others may be used for contrast purpose. Alternatively, different types of reagents may be 
LoS ^simultaneous multi-item assay. It is also P ossib.e to immobilize the same one reagent on 

tW ° rX^TfIGS. 17a. 17b and 17c. a plurality of reagent-immobilizing areas are arranged in various 
75 Datterns in reagent-immobilizing zone X. p . n . A 

In reagent immobilizing zone X of FIG. 17a. reagent-immobilizing areas are arranged ,n fan shape. A 
reaqen used flection is immobilized in reagent-immobilizing area 30 in the center or p,vot and a senes 
of TautS^^^ to varying concentrations are immobilized in reagent-immobtong areas 31 n 

potion f to. When the reaction veil having reagent-immobilized areas arranged in such a pattern ,n 
20 ^erJ-immTbilized zone X is used for simultaneously assaying the substance .n the test sample to be 
^SS^TL^o sample diluted to varying levels, the resu.t may be evaluated for example, by 
Smparlg the degree of color development between the test sample and the diluted authentic samples to 
allow for an accurate semi-quantitative assay to be carried out. of - + - A 

In the reaction vessel of FIG. 17b, the reagent-immobilizmg areas are arranged in the pattern of + . A 
25 reageni whTch eacts or binds to a substance which is a.ways present in the sample but does not cross- 
eact with the substance to be assayed is immobilized three reagent-immobilizing are* » 31 «^ *™ 
e^to"! in the drawing. A reagent which selectively or specifically binds or reacts with the substance to 
b Assayed is immobilized in the other two reagent-immobilizing areas 30. With such an arrangement, a 
> + > • s gn wi be indicated within reagent-immobilized zone X when the substance to be assayed » present 
so in the sample, since either of the above-described reactions will take place m all of he five eagent- 
LnSitod«as and occurrence of such reactions are indicated by, for example color development 
ZTtoeJZce to be assayed is absent in the sample, a ■-■ sign will be indicated ,n zone X s,nce the 
Son 7m take place only in the three reagent immobilized areas 31 of FIG. 17b. An easy evaluation of 

35 *" g^in ^e reaction vesse. of FIG. 8b also has reagent-immobiUzing areas 30 

rJ„Z^ tJoattern of " + " When a reagent which reacts or binds to a subsfence wh.ch .s 
lay ;2S^^s n ?L,ea«h the substance to be assayed is immobilized 
rS»bi. zing area 31 arranged from left to right in the drawing and a reagent wh,ch selectively or 
pSy binds or reacts with the substance to be assayed is immobilized in reagent-.mmob^ng area ^30 
40 an?nS from top to bottom in the drawing, a. - * - sign will be indicated within reagenHmmobaized zone X 
Ten *e sub^ce to be assayed is present in the sample while a ■-- sign will be .nd.cated w,th,n zone X 
whpn thp substance to be assayed is absent in the sample. 

Rr a qentimmS^ zone X of FIG. 17c has four reagent-immobilizing areas 32 in addrtion to the five 
reagfntSbSlis 31 and 32 which is similar b those illustrated in FIG. 17b. In the lour add-tiona. 
« ZS^Sui areas 32 of RG.17c. there is preferably immobilized a reagentwh.ch undergoes a 
reaction to gWe sul an indication as a color development when a mistake is made in the operation such as 

a " ^ttTaS the provision of two or more reagent-immobilized areas in the channel may allow to 
' a simu.tSeou?multi-item aLy or a simultaneous assay of the substance in the sample to be detected and 

™ the contrast substance to be carried out in the reaction vessel. 

50 Te tlobiiization of the reagent onto the capillary channel or the -St- 
eamed out by any conventional method so long as the reagent is not removed trough orti knary °P er *' 0 ^ 
^rlgent may be immobilized either through a chemical binding or a phys,cal adsorption such as an 
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adsorption at an elevated temperature. , . 

The reaqent-immobilizing zone may have any desired size dependmg on the s.ze of other part ^of the 
channel ^!^LJ^> ^ne having a rectangular shape in plan view may typ,cal.y have a w,dth 
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protrusions, and the washing carried out for the B/F separation may be insufficient. A distance sufficient for 
avoiding such inconvenience is therefore required. Preferably, the distance between the protrusrons is in the 

range of from 0.5 to 1.5 mm. " . 

The provision of the recess and/or the group of protrusions results in an increased surface area to allow 
for a larger volume of reagent to be immobilized or attached in the area. The depth of the Hqu.d rete.ned m 
the reagent-immobilized area will also increase since the liquid is retained within the recess and/or between 
the protrusions. When the results are evaluated by a color development, the strength of the color is 
enhanced owing to the thus increased depth. Precision of the assay is thereby improved 

The reaction vessel of the present invention may also include two or more of the above-described 
reaction units arranged in rows. Exemplary such reaction vessels are shown in FIGS. 20 and 21 in partial 

t0P BTuTnTsuch a reaction vessel having two or more reaction units arranged in rows, a plurality of 
samples or a sample together with a contrast or a standard solution may be simultaneously reacted under 

identical conditions. ^ , .. Ko 

J5 When the reagent immobilized is altered from unit to unit, a larger number of items may be 
simultaneously assayed compared to the reaction vessels of FIGS. 10. 11 and 12. 

The reaction vessel of the present invention has been heretofore described with regard to its 
construction. The movement of the liquids within the reaction vessel in the practical use is hereinafter 
described ■ - * 

20 The' movement or behavior of the liquids introduced into the reaction vessel of the present invention 

mav be generally divided into five types. 

According to the first type of the liquid movement, the liquids such as the sample wh.ch is sequentially 

introduced into the reaction vessel is discharged from the outlet once the channel is filled with the liquids. 

This is the case of the reaction vessel of. for example. FIGS. 1 a and 2a. 
25 The liquid movement of the second type is found in the reaction vessel of, for example, FIG . 4 where.n 

channel 50 has reagent-immobilized area 30 provided at a position upstream enough to def.ne fluid sump 

90 "The mwemeTof the liquids in the reaction vessel of FIG. 4 is described below with regard to the case 
wherein the substance in the sample to be assayed is an antigen, reagent-immobilized area 30 has a 
30 monoclonal antibody against the substance to be assayed immobilized thereto, and reagent-attached area 
40 has an enzyme-labelled monoclonal antibody attached thereto. 

(1) The sample is introduced into the channel until the sample reaches position I indicated in F IG. 4. 
2 The washing solution is introduced into the channel until the sample reaches position II in FIG. 4. 

(3) The substrate solution for the enzyme is introduced into the channel until the sample reaches pos.t.on 

35 III in FIG. 4. ... .. j.,^ A 

(4) The washing solution is introduced into the channel until the sample reaches posit.on IVIn FIG 4. 

5 The chromogen solution is Introduced into the channel until the sample reaches position V m FIG. 4. 
As set forth above, the liquids sequentially introduced into the channel is retained within the reaction 
vessel without being discharged therefrom. 
40 in the reaction vessel wherein water-absorbent material 81 « accommodated in at leas .pari to fluid 
sump 90 to define absorbent material-accommodated -area 80 as .n the case of HQ. 5 all of 
sequentially Introduced into the channel is absorbed in water-absorbent matenal 81 and retained therein. 
The liquid movement is similar to the above-described liquid movement in reaction vessel of FIG. 4_ 

The liquid movement of the third type is found, for example, in the react.cn vessels FIGS. 6b and 8b 
45 wherein the channel has one fluid inlet and the channel is branched. 

The movement of the liquids in the reaction vessel of FIG. 6b is described below «ft regard to the 
case wherein the substance in the sample to be assayed is an antigen. reagent-immobilized area 30 in 
reagent-immobilized zone X has a monoclonal antibody against the antigen to be assayed .mmobihzed 
Igent-attached area 40 in reagent-attached zone S has an enzyme-labelled monoclonal antibody 
50 Sed Seto. and reagent-attached area 41 in reagent-attached zone T has a substrate for the enzyme 

attached thereto. ,..,„._, - -™ 

(1 ) The sample is introduced into the channel from fluid inlet 1 0 to fill fluid reservoir 70. 

(2) The sample proceeds through capillary channels 51 and 52 into reagent-attached zone S and through 
channels 51 and 55 into reagent-attached zone T. 

55 (3) Once capillary channel 55 and reagent-attached zone T are filled with the sample, the sample* 
drawn from fluid reservoir 70 through capillary channel 51 and capillary channel 52 ^ ^gent-attached 
zone S. and further, through capillary channel 53 to reagent-immobilized zone X, and still further, through 
capillary channel 54 to absorbent-material-accommodated area 80. 
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11. 12 and 13 go through reagent-immobilized areas 30. 31 and 32 before the reaction solutions introduced 
from fluid inlet 10 go through reagent-immobilized areas 30. 31 and 32. 

Next, practical use of the reaction vessel of the present invention is described with regard to an assay 
wherein the substance to be assayed is an antigen. 

An assay of the antigen in the sample by sandwich method with the reaction vessel of FIG. la having 
an antibody immobilized therein may be carried out in accordance with the following procedure. 

(1) A sample which is expected to contain the antigen to be assayed is introduced into channel 50 from 
fluid inlet 10 to allow for the antigen in the sample to bind to the antibody immobilized in reagent- 
immobilized area 30. 

(2) A solution of a labelled antibody is introduced into channel 50 from fluid inlet 10 to allow tor the 
labelled antibody to bind to the antigen which is bound to the antibody immobilized in reagent- 

immobilized area 30. 

(3) After an optional washing with a washing solution, the presence or the quantity of the antigen is 
evaluated by means of the signal indicated by the label. 

An assay by competitive method may be carried out by the following procedure. 

(1) The sample is introduced into channel 50 from fluid inlet 10 to allow for the sample to be drawn 
through the capillary channel. The antigen, when present, binds to the antibody immobilized in the 

reagent-immobilized area 30. „ ,,«,„ 

(2) A solution of a labelied-antigen is introduced into channel 50 from fluid inlet 10 to allow for the 
labelled antigen to bind to the antibody immobilized in reagent-immobilized area 30. 

(3) After an optional washing with a washing solution, the presence or the quantity of the antigen is 
evaluated by means of the signal indicated by the label. 

It is to be noted that the sample and the labelled antibody in the case of the sandwich method or the 

sample and the labelled antigen in the case of the competitive method may be simultaneously introduced 

into the channel from the same fluid inlet. 

The label used herein may be selected from commonly used labelling agents such as a dye. an 

isotope an enzyme, and a fluorescent or luminescent substance. The binding of the label onto an antibody. 

an antigen or a hapten may be carried out by any desired method known in the art ■ 

The signal indicated by the label may be measured by any desired conventional method Whe n the 

label is an enzyme, a substrate may be added to measure the enzyme activity. When the label is an 

isotope, the radiation activity may be measured. When the label is a dye. or a fluorescent or luminescent 

substance, the label may be measured by a suitable method. 

An assay of the antigen in the sample by sandwich method with the reaction vessel of FIG. 2a having 

reagent-attached area 40 therein may be carried out in accordance with the following procedure. 

(1) The sample is introduced into the channel from fluid inlet 10 so that the sample is drawn , through 
capillary channel 52 to reach reagent-attached area 40 wherein a labelled antibody '^ched; The 
antigen contained in the sample then binds to the labelled antibody to form an antigen-labelled antibody 
complex The sample is further drawn through capillary channel 52 to reach reagent-immobilized area 
30. The antigen-labelled antibody complex then binds to the antibody immobilized in reagent-.mmo- 

S^eTa^ptional washing with a washing solution, the presence or the quantity of the antigen is 
evaluated by means of the signal indicated by the label. 

in the case of the competitive method, a reaction vessel having a labelled antigen attached m reagent- 
attached area 40 and an antibody immobilized in reagent-immobilized area 40 is used for the assay. As m 
TSseTtoe sandwich method, the sample is introduced into the channel so that the sample wi. flow 
along the channel via reagent-attached area 40 to reagent-immobilized area 30. The antigen to be assayed 
and me labelled antigen which are both contained in the sample solution competitively bind to the ant^y 
immobilized in the reagent-immobilized area 30. The results are evaluated by measuring the signal 

indicated by the label. . . . cir *<> in ^ 

, When an antigen is assayed by sandwich method in a reaction vessel shown FIG& 3a. 3b. 3c 3* 3e 
and 3f having a fluorescence-labelled antibody attached in reagent-attached area 40 the sample is 
adduced into the channel from fluid inlet 10 and a buffer solution is introduced .nto the channel from fluid 
n et 11. The antigen contained in the sample reaches reagent-immobilized area 30 and binds to the 
antibody immobilized in the area before the fluorescence-labelled antibody reaches 
5 area 30 The fluorescence-labelled antibody then reacts with the antigen bound to the ^V™™^ 
in area 30. After an optional washing with a washing solution, the results may be measured by measuring 

^Wh^nTn' ataf by sandwich method using an enzyme-labelled antibody is carried out in the reaction 
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description has been made with regard to the case wherein three substances m the sample are to be 
assayS it is also possible to assay one or two substances by attaching or immob,.,z,ng one or two surtable 
reaoents in reaqent-immobilizing zone X and reagent-attached zone S. respectively. 

?he rampTmay be assayed simultaneously with a standard solution by using the react.on vessel 
5 shown for example, in FIG. 1 1 according to the following procedure. „ „ , »• ^« Dron i 

m The sample is introduced into the channel from fluid inlet 1 1 , and the standard solutions of different 
oncLtrX are introduced into the channel from fluid inlets 12 and 13. The antigen contained m the 
Sm?ie and the standard solutions then binds to the antibody immobilized in reagent-mmobihzed areas 
^^ItTtoS noted that the same antibody is immobilized in reagent-immobilizing areas 30, 

W ?2) Absolution of a labelled antibody against the antigen to be assayed is introduced into the channel 
iL S inlet 10 to allow for the .abelled antibody to bind to the antigen bound to the anfbody 
immobilized in reagent-immobilized areas 30. 31 and 32. 

S After aJ .optional washing with a washing solution, the resu.ts are evaluated by measunng the signal 

' 5 ""^ST^^ the present invention has been generaHy described in the foregoing. Preferred 
embodLeS shrn in the drawings are described in the foHowing with brief deacnpbon on the, 

characteristic features. . • . 

The reaction vessel illustrated in FIGS. 1a and 1b.is of the most stmple construction. 
■« The reacton vesS shown in FIGS. 2a, 2b and 2c has fluid reservoir 70. throat 60 and reagent-attached 
20 area 40 wSs^et^erefore. flow rate within the channel is controlled to secure a sufficient react.cn 
time and the frequency of introducing the reaction solutions is reduced. 

The reaction vessel of FIGS. 3a, 3b and 3c has two fluid inlets 10 and 11. Therefore, a plurality o. 
.iquids can be introduced into the reactior i vessel at a ft^ ga ^ ^ 9c ^ 

op. The reaction vesse of FIGS. 4, 5, ba, bD, oc, /a, /u, /u, , 

p Jded Z* fluid sump. Thereto-e. the fluids introduced into the reaction vessel do not flow out of the 
reaction vesse, .The ^*£T^^*^££ 8d. te. M » and 9c. the <*anne, 

cj;^~aC*"^ 

ncTned wit^e ^e of the fluid sump moving downward as a consequence of the movement of the fluid 
35 ^rtheCsfream portion of the channel to the downstream portion of the channel. The inclination of the 
slcture as described above is enabled by a rocking means. Referring to FIG 6c. the rock,«g means , a 
t^TsZon^. Referring to FIGS. 7c and 7d, the rocking means is a curved lower major surface of the 
ctmrtiirp Referrina to FIG. 8d, the rocking means is a plate. . 
Z <ea*Zve^< FIGS. 6a, 6b and 6c has an advantage that the introduction of the sample ,s the 

^S^-'SSk 7a, 7b. 7c and 7d has advantages that a simultaneous multi-item assay 

Assesses 

° f ^e retcfon^e. of FIGS. 8a, 8b. 8c. 8d and 8e has advantages that the introduction of the sample is 
the Z Z^on ^ed for completing a.l the necessa^ reactions, and that two substances may be 
50 assayed at a Ze. A^precise control of the flow rate along the channe. is also enabled by accommodating 

^~1 I S^« Sclent time is provided 
for fTe reSon bet^en the substance to be assayed and the reagent immobiHzed in reagent-,mmob,fized 

5S Z ° ne ^e reaction vessels of RGS. 10 and 12 are adapted for a simultaneous multi-item assay despite their 

SimP The1eSn vesse. of FIG. 11 has an advantage that, when used for a simultaneous multi-item assay, 
«b££3£ T t erfe* with each other may be assayed at a time. The reaction vesse. of th,s type may 
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indication of the presence of hCG in the urine which allows for the pregnancy to be detected. 

When a urine from a non-pregnant woman, in which hCG is absent, is used for the test, enzyme- 
labelled antibody A will not be immobilized in reagent-immobilized area 30, and will be discharged from 
outlet 20. In such a case, reagent-immobilized area 30 will not exhibit any color-development upon contact 
with the substrate solution A. 



Example 2 

A pregnancy test employing a reaction vessel having a configuration similar to the one depicted in 
FIGS 3a 3b 3c 3d, 3e and 3f is carried out as described below. The reaction vessel employed had a 
reagent attached in fluid reservoir 70 in addition to reagent-attached area 40. defining another reagent- 
attached area. 

(1) Preparation of the reaction vessel 

A monoclonal anti-hCG antibody is immobilized on reagent-immobilizing area 30 in capillary channel 54 
of the channel provided in segment 5 by a process known for binding an antibody on an insoluble carrier. 
Segment 5 comprises a white plastic resin (polystyrene resin). (See FIG. 3c.) 

Next a solution of the above-mentioned labelled antibody A (100 i«g/ml) is carefully pipetted into fluid 
reservoir' 70 such that no solution is drawn to further than throat 60. and thereafter, the antibody is 

ly ° P ln"t Z he d meanwhile, the above mentioned substrate solution A (10 ,g/ml) is also pipetted onto reagent- 
attaching area 40 in capillary channel 52 of the channel in segment 4. Segment 4 comprises a white plast,c 
resin except for portion 7 corresponding to reagent-immobilized area 40. which comprises a transparent 
plastic resin. Substrate solution A is then lyophilized (see FIG. 3b). 

Seqment 4 is adhered to the thus treated segment 5, and then, to segment 4 is adhered lid segment 3 
comprising a plastic resin (polystyrene resin). Segment 3 is white except for portion 6 corresponding to 
reagent-immobilized area 40. which is transparent. 

Capillary channels 51, 52. 53 and 54 have a width of 2 mm and a depth of 0.2 mm. 

(2) Measurement 

A small quantity of urine from a pregnant woman is collected in a pipette, and the thus collected urine 
is pipetted into fluid inlet 10 to fill fluid reservoir 70 with the urine and to thereby dissolve labelled antibody 
A which has been attached to fluid reservoir 70 into the urine. The urine which is identical to the one 
pipetted into fluid inlet 10 is pipetted into another fluid inlet 11 to fill another fluid reservoir 71 fnth the unne. 

The urine in fluid reservoir 70 is gradually drawn into capillary channel 54 through throat 60 and passes 
through capillary channel 54. while the hCG contained in the urine becomes bound to labelled antibody A 
dissolved in the urine from fluid reservoir 70 to form an hCG-labelled antibody A complex. When the urine 
reaches reagent-immobilized area 30. the hCG-labelled antibody A complex is caught by the monoclonal 
anti-hCG antibody immobilized in this area, whereby the complex becomes immob.lized to this area. The 
urine containing a large quantity of excess labelled antibody A which failed to bind to the monoclonal anti- 
hCG antibody Immobilized in area 30 is further drawn through capillary channel 54 to outlet 20. 

in the meanwhile, the urine in fluid reservoir 71 is drawn into capillary channel 52 through throat 61. and 
passes through capillary channel 52 along the winding channel to reach reagent-attached area 40 
whereupon the urine dissolves BC1P. which is the substrate for the enzyme label as descnbed above. The 
urine is then drawn into capillary channel 54 through communicating channel 56 (57). Since capHlary 
channel 52 has a total length significantly larger than that of capillary channel 54. the urine having he 
substrate dissolved therein reaches reagent-immobilized area 30 after the'urine having enzyme-labelled 
antibody A dissolved therein has all passed through the reagent-immobilized area 30. 

When the urine having the substrate dissolved therein reaches reagent-immob.hzed area 30. the 
substrate develops a blue color with the lapse of time by the function of the enzyme immob «^ '« 
area to indicate the presence of hCG in the urine, confirming the pregnancy of the individual from which the 
sample had been collected. The color development in reagent-immobilized area 30 may be checked 
through transparent portions 6 and 7 of segments 3 and 4. When hCG is absent in the unne. labelled 
antibody A will not be immobilized to reagent-immobilized area 30. and will flow out of the reaction vesse 
from outlet 20. In such a case, reagent-immobilized area 30 will not exhibit any blue color as in the case of 
pregnant urine. 
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The reaction vessel is then conveyed to a position where the colors developed in reagent-immobilized 
areas 30, 31 and 32 are measured by the optical means to quantitatively determine the amounts of the 
tumor markers contained in each sample serum. 

The automatic measuring system is capable of sequentially handling a plurality of react.on vessels, and 
therefore, a large number of serum samples may be automatically treated. 

Example 4 

Three types of tumor markers are automatically and simultaneously measured by employing a reaction 
vessel shown in FIG. 21 as described below. 

(1) Preparation of the reaction vessel 

The reaction vessel 1 comprises an upper segment and a lower segment, and has a plurality of reaction 
units including first and second reaction units 100 and 200. Each reaction unit comprises a branched 
channel including capillary channels 51. 52, 53 and 54. Three types of tumor markers to be measured are 
hCG CEA and alpha-fetoprotein. Monoclonal antibodies against each of the three tumor markers are 
immobilized on lower segment of the reaction vessel in reagent-immobilizing areas 30, 31 and 32 m 
capillary channels 52, 53 and 54. respectively, by a process known for binding an antibody on an msolub e 
cantor. This lower segment comprises a white plastic resin (polystyrene resin). The anfbod.es against he 
three tumor markers are also immobilized on other reaction units includ.ng second react.on un.t 200 by the 

^^thnbove-described lower segment is adhered the upper segment comprising a colorless transpar- 
ent plastic resin (polystyrene resin) to provide reaction vessel 1 . 

Capillary channels 51, 52, 53 and 54 of the branched channel of the thus prepared reactor, vessel 1 
have a width of 5 mm and a depth of 0.5 mm. 

(2) Automatic measuring system 

The system used herein comprises conveyor means for moving the reaction vessel at regular pitches 
feed means for supplying the reaction vessel with samples, reagents, washing solution and the like, and 
suction means for drawing the fluid in the capillary channel from the outlet. 

(3) Measurement 

The reaction vessel is located on the conveyor means of the automatic system. . 

The reaction vessel is conveyed to a predetermined position at which the sample feed means supp y 
human serum sample No. 1 to first reaction unit 100. The sample serum .s fed from flu,d inlet 10 to 
caDillarv channel 51 of the branched channel. 

The sample serum is then drawn through capillary channel 51 to capillary channel 52^ 53 and 54 and 
reaches reagent-immobilized areas 30. 31 and 32 wherein , antibodies against each of the three types of the 
tumor markers have been immobilized. The substances to be measured, which are the tumor markers, are 
caught by the corresponding immobilized antibodies, and become immobilized to the corresponding areas. 

In 2.5 minutes, the region vessel is conveyed to a position at which fluid inlet 10 of first 
100 is situated below washing solution feed means A and fluid 4nlet 1Q of secono\ reaction unrt 200 s 
situated below sample feed means. At this position, the sample feed means supply human serum sample 
Na 2 to capillary channel 51 of second reaction unit 200 through.fluid inlet 10 of second react* , umt 200. 
in the meanwhile, human serum sample 1 is withdrawn- from first reaction unit 100 through f.u,d outlets 20_ 
21 and 22 by suction, and feed of the washing solution to fluid inlet 10 of first react.on un-t 100 and 
, withdrawal of the washing solution from outlets 20. 21 and 22 of reaction unrt 100 by suct-on are 
subsequently repeated five times. f . . 

In 2.5 minutes calculated from completion of the withdrawal of human serum *™? { ° 1°™*% 
reaction unit 100 by suction, the reaction vessel is conveyed to a position at which fluid inlets 11. 12 and 13 
7Z reacL J 100 is situated be«ow reagent feed means A and and fluid in«et 10 of third reason unrt 

5 (not shown) is situated below sample feed means. At this l^^""" TnhtSS HZ o 
each of antibodies against hCG. CEA and alpha-fetoprotein labelled w.th alkahne phosphatase are fed to 
fluid inlets 11, 12 and 13 of first reaction unit 100. respectively. 

The enzyme-labelled antibodies binds to their corresponding tumor markers, wh.ch are bound to 



EP 0 430 248 A2 



The sample then reaches reagent-immobilized area 30, upon which the complex of the biotm-labelled 
DNA probe and the hepatitis virus B in the sample binds to the DNA fragment corresponding to the hepat.t.s 
B virus immobilized on area 30, and become immobilized on area 30. The sample containing a large 
quantity of excess biotin-labelled probe which failed to bind to area 30 is then drawn through capillary 
channel 52 to outlet 20. It is to be noted that, when fluid reservoir 70 becomes empty, the sample will no 
longer be introduced into capillary channels 51 and 52. 

Next fluid reservoir 70 is filled with a preliminarily prepared solution (100 ^g/ml) of avid.n-biotm-labelled 
peroxidase complex by pipetting the solution into fluid inlet 10. The solution of the avidin-b.otin-labelled 
peroxidase complex is then drawn through capillary channels 51 and 52, whereby the sample is completely 
discharged from the reaction vessel. 

When the solution of the avidin*biotin-labelled peroxidase complex reaches reagent-immobilized area 
30 the avidin-biotjn-labelled peroxidase complex binds to the biotin which has been immobilized on area 
30* and become immobilized on area 30. The solution containing the excess avidin-biotjn-labelled perox- 
idase complex is further drawn through capillary channel 52 to outlet 20. It is to be noted that, when fluid 
reservoir 70 becomes empty, the solution will no longer be introduced into capillary channels 51 and 52. 

Next fluid reservoir 70 is filled with a 0.076M phosphate-buffered saline, pH 7.0 (hereinafter referred to 
as PBS) by pipetting the PBS into fluid inlet 10. The PBS is then gradually drawn through capillary channel 
51 throat 60 and capillary channel 52 to thereby discharge the solution of the avidin-biotin-labelled 
peroxidase complex out of the reaction vessel. When the PBS reaches reagent-immobilized area 30, the 
area is washed with the PBS. The PBS is further drawn through capillary channel 52 to outlet 20. It is to be 
noted that, when fluid reservoir 70 becomes empty, the PBS will no longer be introduced into capillary 

channels 51 and' 52. . 

When fluid reservoir 70 becomes empty, a mixed solution of hydrogen peroxide, wh,ch is the substrate 
for the peroxidase, and o-phenylenediamine, which is a chromogen is subsequently introduced into fluid 
reservoir 70. The solution is drawn through capillary channels 51 and 52 to thereby discharge the PBS out 

of the reaction vessel. . ■ ^ 

When the solution reaches reagent-immobilized area 30, the chromogen.c o-phenylened.am.ne devel- 
ops a yellow color by function of the peroxidase immobilized on area 30. The development of the yellow 
color indicates presence of hepatitis B virus in the serum sample, and therefore, a strong contagiousness of 
the serum sample. When hepatitis B virus is absent in the serum sample, the enzyme will be totally 
discharged from fluid outlet 20 without being caught in area 30. In such a case, no color development will 
be observed in area 30. 



Example 6 

Luteinizing hormone (LH) is detected by employing the reaction vessel shown in FIGS.«6a. 8b, 8c. 8d 

Segments 3 4 and 5 of the reaction vessel is molded from a colorless transparent plastic resin (epoxy 
resin). Capillary "channels 51, 52, 53, 54 and 55 have a width of 0.7 mm and a depth of 0.7 mm. A cotton 
thread having a circular cross section with a diameter of 0.5 mm. which is hydrophilic thread 59, is 
stretched in capillary channel 55 of the channel defined in segment 4 between water-absorbent material- 
accommodating area 80 and reagent-immobilizing area 31, and fixed thereto by an adhesive. Capillary 
channel 55 includes hollow chamber 58. 

On reagent-immobilizing area 30 of reagent-immobilizing zone X, which is defined in a channel provided 
on lower major surface of segment '4. an anti-LH-/J antibody is immobilized by a method known for 
immobilizing an antibody to an insolubilized carrier. Segment 5 is then adhered to the lower major surface 
of segment 4. On reagent-immobilizing area 31 of reagent-immobilizing zone X, which is defined in a 
channel provided on upper major surface of segment 4, is immobilized an anti-mouse IgG antibody by a 
method known for immobilizing an antibody to an insolubilized carrier. 

On reagent-attaching area 40 of reagent-attaching zone S in segment 4, 0.5 ml of a solution (10 ^g ml) 
of a monoclonal anti-LH-a antibody labelled with alkaline phosphatase (hereinafter referred to as labelled 

antibody B) is pipetted. if* 
Further, onto reagent-attaching areas 41 of reagent-attaching zone T in segment 4. substrate solution A 
(2 mg BCIP/ml) as mentioned above is pipetted, and thereafter, the reagents are lyophilized. 

Next 30 mg of nonwoven fabric (absorbent material 81) is accommodated in absorbent material- 
accommodating area 80 of segment 4. Segment 3 is adhered to the upper surface of segment 4. and then, 
plate 9b is adhered to the lower surface of segment 5. 
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attached thereto. 

4. The reaction vessel according to claim 3 wherein at least one of said reagent-attached area is in the 
upstream of said fluid inlet. 

5. The reaction vessel according to claim 1 wherein said reagent-immobilized area and/or said reagent- 
attached area is in form of a recess and/or a group of protrusions. 

6. The reaction vessel according to claim 1 wherein said channel has at least one fluid reservoir in the 
vicinity of said fluid inlet. 

7. The reaction vessel according to claim 1 wherein said channel has at least one fluid sump in the 
downstream of said reagent-immobilized area. 

8. The reaction vessel according to claim 7 wherein said fluid sump has an water-absorbent material 
accommodated therein. 

9. The reaction vessel according to claim 8 wherein said water-absorbent material is an absorbent 
'-■ wadding. 

10. The reaction vessel according to claim 8 wherein said ventilatory outlet is provided in the vicinity of 
where the water-absorbent material is accommodated. 

11 The reaction vessel according to claim 8 wherein a thread of a hydrophilic material is accommodated in 
* at least a part of said channel between said reagent-immobilized area and said water-absorbent 
material. 

12. The reaction vessel according to claim 11 wherein at least a part of said hydrophilic thread is stretched 
in a hollow chamber defined in said channel. 

13. The reaction vessel according to claim 1 wherein said channel extends in horizontal direction. 

14. The reaction vessel according to claim 1 wherein said channel includes a capillary channel. 

15. The reaction vessel according to claim 1 wherein said channel has a throat. 

16. The reaction vessel according to claim 1 wherein said channel has a zone including said reagent- 
immobilized area and/or a zone including said reagent-attached area, and said reagenHmmob. zed 
zone and/or said reagent-attached zone has a cross-sectional area larger than that of other part of the 
channel. 

17. The reaction vessel according to claim 1 wherein said structure is constituted by a plurality of 
segments, and wherein said channel is provided in at least one of sa.d segments. 

18. The reaction vessel according to claim 17 wherein said structure is constituted by at least one segment 
provided with the channel and a segment serving as a lid. 

19. The reaction vessel according to claim 18 wherein said segment provided with the channel is in close 
contact with said lid segment. 

20. The reaction vessel according to claim 18 wherein said segment provided with the channel is separated 
from said lid segment by an intervening space. 

21. The reaction vessel according to claim 17 wherein said structure is constituted by at least three 
segments and the channel is defined between two adjacent segments, and wherein the channel defined 
between two adjacent segments is in communication with the channel defined between another two 

adjacent segments. 
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© A reaction vessel for microassay is . provided. 
The reaction vessel comprises a body structure hav- 
ing provided therein at least one reaction unit com- 
prising a channel having at least one fluid inlet and 
at least one reagent-immobilized area in the down- 
stream of the fluid inlet. The channel is provided with 
a vent mechanism, and the reagent-immobilized area 
has a reagent fixedly immobilized thereto. The re- 
sults of the assay are indicated in the reagent- 
immobilized area. The channel may be provided with 
a reagent-attached area wherein a reagent is tenta- 
tively attached so that the reagent may dissolve into 
the fluid flowing over the area. The channel may be 
also provided with a fluid sump for retaining the fluid 
within the reaction vessel. By using the present 
reaction vessel, an assay at high precision may be 
carried out by a simple operation. 
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22. The reaction vessel according to claim 1 wherein said channel has two or more fluid inlets and the fluid 
entering at the fluid inlet in the downstream of the fluid inlet in the most upstream flows in a direction 
substantially the same as the fluid flowing from the fluid inlet in the most upstream. 

5 23. The reaction vessel according to claim 1 wherein at least a part of said structure comprises a 
hydrophilic material. 

24. The reaction vessel according to claim 7 wherein said channel comprises an upstream portion including 
said fluid reservoir and a downstream portion including said fluid sump, and said upstream portion and 

w said downstream portion are located in opposite sides of the center of gravity of the reaction vessel, 
and wherein the reaction vessel has such a construction that, when the fluid introduced into the fluid 
reservoir from the fluid inlet has moved into the fluid sump with the predetermined reaction having 
been promoted in the channel to substantially complete the predetermined reaction, the structure of the 
reaction vessel becomes inclined with the side of the fluid sump moving downward as a consequence 

75 of the movement of the fluid from the upstream portion of the channel to the downstream portion of the 
channel. 

25. The reaction vessel according to claim 24 wherein said inclination of the structure of the reaction vessel 
as the consequence of the movement of the fluid is enabled by a rocking means provided at a position 

20 capable of allowing for the side of the downstream portion of the channel including the fluid sump to 
move downward. 

26. The reaction vessel according to claim 25 wherein said rocking means comprises a pair of supports or 
* a plate provided on a lower major surface of the structure of the reaction vessel, or a curved lower 

25 major surface of the structure of the reaction vessel. 

27. The reaction vessel according to any one of claims 1 to 25 wherein said reaction vessel has two or 
more reaction units, and said reaction units are arranged in rows. 
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(2) Measurement 

50 fil of a sample urine is collected in a pipette, and pipetted into fluid inlet 10 to fill fluid reservoir 70 
with the urine. The urine gradually passes through capillary channel 51 and moves into capillary channel 52 
to reach reagent-attached zone T, upon which the substrate BCIP which has been tentatively attached to 
this zone dissolves into the urine. 

Once reagent-attached zone T is filled with the urine, the urine is then drawn to reagent-attached zone 
S to dissolve labelled antibody B tentatively attached to this area. The LH in urine then binds to the labelled 
antibody B to form a complex of LH and labelled antibody B, namely, an LH-labelled anti-LH-a antibody 
complex. The urine is further drawn through capillary channel 53, reagent-immobilized area 30, capillary 
channel 54, reagent-immobilized zone 31, and cotton thread (hydrophilic thread 59) to reach absorbent 
material-accommodated area 80, wherein the urine is absorbed and retained in the nonwoven fabric 
(absorbent material 81). In this process, the LH-labelled anti-LH-a antibody complex contained in the urine 
binds to the anti-LH-£ antibody immobilized on reagent-immobilized zone 30 as well as the anti-mouse IgG 
antibody immobilized on reagent-immobilized area 31. Consequently, the LH-labelled anti-LH-a antibody 
complex is immobilized on both areas 30 and 31 . 

When fluid reservoir 70 becomes empty, the urine having dissolved therein the substrate flows out of 
reagent-attached area T, and is drawn through capillary channels 52 and 51. reagent-attached zone S, 
capillary channel 53, reagent-immobilized area 30, capillary channel 54, reagent-immobilized zone 31, and 
cotton thread (hydrophilic thread 59) to reach absorbent material-accommodated area 80, wherein the urine 
is absorbed and retained in the nonwoven fabric (absorbent material 81). In this process, the substrate 
develops blue colors by function of the enzyme immobilized in both reagent-immobilized areas 30 and 31. 
and reagent-immobilized zone X exhibit " + The indication of " + " enables to determine that the test result 
fs positive, namely, that LH is present in the sample urine. 

On the other hand, when a urine free of LH is used as a sample, labelled antibody will be immobilized 
only on reagent-immobilized area 31, and will not be immobilized on reagent-immobilized area 30. In this 
case, the substrate develops a blue color only at reagent-immobilized area 31 by the function of the 
enzyme immobilized in area 31, while reagent-immobilized area 30 fails to develop such a color. As a 

consequence, reagent-immobiiized zone X exhibits 

The total reaction time required is about 5 minutes, and the concentration of LH required for the 

indication of " + " is 50 mlU/ml. 

As described above, the present invention provides reaction vessels which enable a highly sensitive 

measurement to be carried out with an accurate and convenient B/F separation. 

The reaction vessels in accordance with the present invention are quite useful. They have a wide variety 

of applications including detections utilizing varying reactions such as enzyme immunoassays and those 

utilizing nucleic acid hybridization. They can also be used for multi-item measurements by simple and 

convenient operation. They can be used for both measurements with or without automatic measuring 

system. 

The reaction vessels in accordance with the present invention may be used not only for qualitative 
determinations but also for quantitative determinations, in particular, the reaction vessels of the invention are 
quite useful since they can carry out simple and convenient quantitative measurements, which have been 
difficult to carry out with conventional reaction vessels. 

It should be understood that the foregoing description is for the purpose of illustration and that the 
invention includes modifications and equivalents within the scope of the appended claims. 



Claims 

1. A reaction vessel comprising a body structure having provided therein at least one reaction unit 
comprising a channel having at least one fluid inlet and at least one reagent-immobilized area in the 
downstream of all of the at least one fluid inlet, said channel being provided with a vent mechanism, 
and said reagent-immobilized area having a reagent fixedly immobilized thereto. 

2. The reaction vessel according to claim 1 wherein said vent mechanism comprises at least one 
ventilatory outlet. 

3. The reaction vessel according to claim 1 wherein said channel has at least one reagent-attached area in 
the upstream of said reagent-immobilized area, said reagent-attached area having a reagent tentatively 
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antibodies immobilized on reagent-immobilized areas 30, 31 and 32. The enzyme-labelled antibodies thus 
become immobilized on the corresponding reagent-immobilized areas 30, 31 and 32. The enzyme-labelled 
antibodies will not bind to the antibody which has no tumor marker bound thereto. 

In 2.5 minutes calculated from completion of the feeding of the enzyme-labelled antibody to reaction 
unit 100, the reaction vessel is conveyed to a position at which fluid inlet 10 of first reaction unit 100 is 
situated below washing solution feed means B and and fluid inlet 10 of fourth reaction unit (not shown) is 
situated below sample feed means. At this position, the buffer solutions containing the enzyme-labelled 
antibodies are withdrawn from outlets 20, 21 and 22 of reaction unit 100 by suction. The washing solution is 
then fed to inlet 10 of reaction unit 100 and withdrawn from outlets 20, 21 and 22 of reaction unit 100 by 
suction. The washing/suction operation is repeated five times. 

In 2.5 minutes calculated from completion of the withdrawal of the buffer solutions containing the 
enzyme-labelled antibodies from first reaction unit 100 by suction, the reaction vessel is conveyed to a 
position at which fluid inlet 10 of first reaction unit 100 is situated below reagent feed means B and and fluid 
inlet 10 of fifth reaction unit (not shown) is situated below sample feed means. At this position, substrate 
solution A as described above is fed to the reaction vessel 1 from fluid inlet 10 of first reaction unit 100. 

In this example, the sample serum contains tumor markers and the enzyme-labelled antibodies are 
immobilized to their corresponding reagent-immobilized areas, and therefore, the substrate will bind to the 
enzyme label to develop blue colors within the reagent-immobilized areas. . ........ 

In 2.5 minutes calculated from completion of the feeding of substrate solution A to first reaction unit 
100. the reaction vessel is conveyed to a position at which fluid inlet 10 of first reaction unit 100 is situated 
below washing solution feed means C and and fluid inlet 10 of sixth reaction unit (not shown) is situated 
below sample feed means. At this position, substrate solution A is withdrawn from outlets 20, 21 and 22 of 
reaction unit 100 by suction. The washing solution is then fed to inlet 10 of reaction unit 100 and withdrawn 
trom outlets 20, 21 and 22 of reaction unit 100 by suction. The washing/suction operation is automatically 
repeated five times. Since the blue colors developed by substrate solution A remain after withdrawal of the 
substrate solution, the determination of the presence/absence of the tumor markers in the sample serum 
may be carried out by observing reagent-immobilized areas 30, 31, and 32 with unaided eye at this stage. 

It is to be noted that other sample serums fed to other reaction units including second reaction unit 200 
will likewise be treated. 

Example 5 

A diagnosis of hepatitis B is carried out by employing a reaction vessel having a configuration of FIGS. 
2a, 2b and 2c as described below. 

(1) Preparation of the reaction vessel 

A heat-denatured solution (5 /<g/ml) containing a DNA fragment corresponding to the DNA of hepatitis B 
virus is prepared. 20 fig of the solution is pipetted onto reagent-immobilizing area 30 in capillary channel 52 
in lower segment 5, which comprises a white plastic resin (polyacryiic resin). The solution is allowed to 
stand at 25° C for 24 hours, and then withdrawn therefrom by suction. Area 30 is then irradiated with UV for 
the purpose of immobilizing the DNA fragment on area 30. 

Next, 10 fi\ of a solution (0.02 ^g/ml) of a probe for the DNA of hepatitis B virus which has been labelled 
with biotin is pipetted onto reagent-attaching area 40 in capillary channel 52 provided in segment 5. 

After lyophiiization. segment 4, which comprises a colorless transparent plastic resin (a polyacryiic 
resin), is bonded to segment 5. 

Capillary channels 51 and 52 have a width of 3 mm and a depth of 0.2 mm. 

(2) Measurement 

DNA sample was extracted from serum of a patient suffering from hepatitis. 

The sample is pipetted into the reaction vessel 1 from fluid inlet 10 to fill fluid reservoir 70 with the 
sample. The sample gradually passes through capillary channel 51 and moves into capillary channel 52 with 
its speed being controlled at throat 60 of the channel. The sample passes through capillary channel 52 to 
reach reagent-attached area 40, upon which the biotin-labelled DNA probe which has been tentatively 
attached in the area 40 dissolves into the sample. The sample is further drawn through capillary channel 52 
while the biotin-labelled DNA probe binds to the hepatitis B virus contained in the sample to form a complex 
of the biotin-labelled DNA probe and the hepatitis virus B. 
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Example 3 



Three types of tumor markers are automatically and simultaneously measured by employing a reaction 
vessel shown in FIG. 20 as described below. 
(1) Preparation of the reaction vessel 

The reaction vessel comprises an upper lid segment and a lower segment, and has a plurality of 
reaction units each comprising a channels 50 therein. The lower segment comprises a white plastic resin 
(polystyrene resin). The three types of tumor markers to be measured are hCG, CEA and aipha-fetoprotein. 
Monoclonal antibodies against each of the three tumor markers are immobilized on lower segment in 
reagent-immobilizing areas 30, 31 and 32 in capillary channel 51 in channel 50 of one unit by a process 
known for binding an antibody on an insoluble carrier. The antibodies against the three tumor markers are 
also immobilized in channels 50 of other units by the same manner. 

To the above-described lower segment is adhered the upper segment comprising a colorless transpar- 
ent plastic resin (polystyrene resin) to provide reaction vessel 1. 

The thus prepared reaction vessel 1 has ten parallel channels 50 each having a width of 3 mm and a 
depth of 0.3 mm* 

(2) Automatic measuring system 

The system used herein comprises conveyor means for moving the reaction vessel in two perpendicular 
directions at regular pitches, feed means for supplying the reaction vessel with samples, reagents, washing 
solution and the like, suction means for drawing the fluid in the capillary channel from the outlet, and optical 
means for measuring the color development. 

* The automatic system used herein, except for its optical means, has a structure capable of treating 10 
samples at a time. 

(3) Measurement 

The reaction vessel is located on the conveyor means of the automatic system. 

The reaction vessel is conveyed to a predetermined position at which ten sample-feed nozzles 
simultaneously supply human serum sample Nos. 1 to 10 to the reaction vessel. Each sample is fed to 
channel 50 from fluid inlet 10, and drawn through capillary channel 51 to reagent-immobilized areas 30, 31 
and 32 wherein antibodies against each of the three types of the tumor markers have been immobilized. 
The substances to be measured, which are the tumor markers, are caught by the corresponding immo- 
bilized antibodies, and become immobilized to the corresponding areas. 

In five minutes, the reaction vessel is conveyed to a position where the washing solution is supplied. At 
this position, human serum sample Nos. 1 to 10 are withdrawn from channels 50 through outlets 20 by 
suction. The washing solution is then fed to channels 50 and again withdrawn from outlets 20 by suction. 
The washing/suction operation is repeated five times. 

The reaction vessel will then be conveyed to a position where a reagent is supplied. At this position, the 
reaction vessel is supplied with a buffer solution having dissolved therein enzyme-labelled antibodies (which 
in this case are a mixture of antibodies against the above-mentioned hCG, CEA and alpha-fetoprotein which 
have been labelled with alkaline phosphatase). 

The enzyme-labelled antibodies bind to their corresponding tumor markers, which have been bound to 
antibodies immobilized on reagent-immobilized areas 30, 31 and 32. The enzyme-labelled antibodies thus 
become immobilized on the corresponding reagent-immobilized areas 30, 31 and 32. The enzyme-labelled 
antibodies will not bind to the antibody which has no tumor marker bound thereto. 

In five minutes, the reaction vessel is conveyed to another position where the washing solution is 
supplied. At this position, the solution containing the enzyme-labelled antibodies is withdrawn from channels 
50 through outlets 20 by suction. The washing solution is then fed to channels 50 and again withdrawn from 
outlets 20 by suction. The washing/suction operation is repeated five times. 

Upon completion of the washing/suction operation, the reaction vessel is conveyed to a position where 
another reagent is supplied. At this position, substrate solution A as described above is fed to each channel 
50. 

In this example, the sample serums contain tumor markers and the enzyme-labelled antibodies are 
immobilized in the corresponding ^agent-immobilized areas, and therefore, the substrate will develop blue 
colors within the reagent-immobilized areas. The blue color developed in each area will have a strength 
proportional to the concentration of the tumor marker contained in the sample serum. 
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also be used for assaying a plurality of different samples at a time. 

The reaction vessels shown in FIGS. 20 and 21 are adapted for assaying a plurality of items or a 
plurality of samples at a time, and therefore, are useful for group examination. 

As set forth above, the reaction vessel of the present invention has a wide variety of construction, and 
5 therefore, may be used for assays of different kinds. 

The reaction vessel of the present invention may be used for an automatic assay as well as a manual 
assay. For example, the reaction vessel of the present invention may be used for an automatic assay by 
loading the reaction vessel on conveyer means of the chemical reaction apparatus of Japanese Patent 
Application Kokai No. 63-69539 instead of a capillary tube. 
70 More illustratively, the reaction vessel of the present invention having an antibody immobilized in the 
channel and an enzyme-labelled antibody attached in the channel is loaded on an apparatus having a 
conveyer means such as a belt conveyer, a means for supplying sample, reagent and washing solutions, 
and a measuring means such as an optical means. A sample which is expected to contain an antigen, a 
washing solution, and a solution of a substrate for the enzyme are sequentially into the reaction vessel with 
75 an automatic dispenser. The color indicated by the substrate is , then measured by photometer. The 
withdrawal of the liquids introduced into the reaction vessel may be carried but. by suction. If desired, the 
measurements may be analyzed with a computer to use the results as an aid for a diagnosis. 
The present invention will be described in further detail by referring to non-limiting Examples. 

20 EXAMPLES 
Example 1 

A pregnancy test employing a reaction vessel having a configuration of FIGS. 2a, 2b and 2c is carried 
t)ut as described below. 

25 

(1) Preparation of the reaction vessel 

A monoclonal anti-hCG (human chorionic gonadotropin) antibody is immobilized on reagent-immobiliz- 
ing area 30 in capillary channel 52 of the channel provided in lower segment 5, which comprises a white 
30 plastic resin (polyacrylic resin), by a process known for binding an antibody on an insoluble carrier. 

Next, a solution (50 ^g/mi) of a monoclonal anti-hCG antibody which has been labelled with alkaline 
phosphatase (hereinafter referred to as labelled antibody A) is pipetted onto reagent-attaching area 40 in 
capillary channel 52 of the channel provided in segment 5. 

After lyophilizing the antibody, upper segment 4, which comprises a colorless transparent plastic resin 
35 (a polyacrylic resin), is bonded to segment 5. 

Capillary channels 51 and 52 have a width of 3 mm and a depth of 0.2 mm. 

(2) Measurement 

40 A small quantity of urine from a pregnant woman is collected in a pipette, and the thus collected urine 
is pipetted into the reaction vessel 1 from fluid inlet 10 to fill fluid reservoir 70 with the urine. The urine 
gradually passes through capillary channel 51 and moves into capillary channel 52 with its speed being 
controlled at throat 60 of the channel. The urine passes through capillary channel 52 to reach reagent- 
attached area 40, upon which labelled antibody A which has been tentatively attached to area 40 dissolves 

45 into the urine and binds to the hCG contained in the urine to form an hCG-labelied antibody A complex. 

The urine is further drawn through capillary channel 52 to reach reagent-immobilized area 30 onto 
which the monoclonal anti-hCG antibody has been immobilized, whereupon the hCG-labelled antibody A 
complex binds to the immobilized monoclonal anti-hCG antibody and become immobilized on area 30. The 
urine containing a large quantity of excess labelled antibody A which failed to bind to the immobilized 

so monoclonal anti-hCG antibody on area 30 is then drawn through capillary channel 52 to outlet 20. It is to be 
noted that, when fluid reservoir 70 becomes empty, the urine will no longer be introduced into capillary 
channels 51 and 52. 

Next, fluid reservoir 70 is filled with a solution of BCIP (5-bromr>4-chloro-3-indolyl phosphate), which is 
a chromogenic substrate for the enzyme label, (hereinafter referred to as substrate solution A) . Substrate 
55 solution A is then drawn through capillary channels 51 and 52, whereby the urine is completely discharged 
from the reaction vessel. 

When substrate solution A reaches reagent-immobilized area 30, BCIP develops a blue color by the 
function of the enzyme which has been immobilized in this area. The blue color development is an 
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vessel of FIGS. 6a, 6b and 6c wherein a monoclonal antibody is immobilized in reagent-immobilized area 30 
of the reagent immobilized zone X, an enzyme-labelled antibody is attached in reagent-attached area 40 of 
reagent attached zone S, and a substrate for the enzyme is attached in reagent-attached area 41 of reagent- 
attached zone T, the only procedure required for promoting various reactions involved in the assay is an 
introduction of the sample from fluid inlet 10. When the sample is introduced into the channel from fluid 
inlet 10, the antigen contained in the sample first binds to the enzyme-labelled antibody attached to 
reagent-attached area 40 of reagent-attached zone S to form an antigen-enzyme-labelled antibody complex. 
The antigen-enzyme-labelled antibody complex then binds to the monoclonal antibody immobilized in 
reagent-immobilized area 30 of reagent-immobilized zone X and becomes immobilized in area 30. When 
the substrate which was attached in reagent-attached area 41 of reagent-attached zone T reaches reagent- 
immobilized area 30. a signal such as a color change is exhibited in the area 30. The results may be 
evaluated by measuring such a signal. 

A multi-item simultaneous assay may be carried out as described below by using the reaction vessel 
shown, for example, in FIG. 10. In this case, three types of antigens in the sample are simultaneously 
assayed by immobilizing three different antibodies which do not cross-react with each other onto reagent- 
immobilizing areas 30. 31 and 32. 

(1) The sample is introduced into the channel from fluid inlet 10 to allow for the antigens in the sample to 
bind with the corresponding antibodies immobilized in reagent-immobilized areas 30, 31 and 32. 

(2) A mixed solution of three different labelled antibodies is introduced into the channel from fluid inlet 10 
to allow for each of the labelled antibodies to bind to the corresponding antigen bound to the antibody 
immobilized in either of reagent-immobilized areas 30, 31 and 32. 

(3) After an optional washing with a washing solution, the results are evaluated by measuring the signal 
indicated by the label. 

• The labelling agents used for preparing the three different types of the labeHed antibodies may be 
either the same or different from each other. The substance (antigen) in the sample to be assayed may be 
simultaneously assayed with a contrast substance contained in the sample when an antibody against the 
contrast substance as well as the antibody against the antigen to be assayed are immobilized in reagent- 
immobilized areas 30, 31 and 32. 

Three different substances in the sample may also be simultaneously assayed with the reaction vessel 
of FIGS. 7a, 7b. 7c and 7d by the following procedure. When the substances in the sample to be assayed 
are three different antigens, an enzyme labelled-antibody against an antigenic determinant common to all of 
the three different antigens to be assayed is attached in reagent-attaching area 40 of reagent-attaching zone 
S, a substrate for the enzyme label is attached in reagent-attaching area 41 of reagent-attaching zone T, 
and an antibody against an antigenic determinant of the antigen which is uncommon to the three different 
antigens to be assayed is immobilized in each of reagent-immobilizing areas 30, 31 and 32 in reagent 
immobilizing zone X. 

(1) A sample is introduced into the channel from fluid, inlet 10 to fill the sample in fluid reservoir, wherein 
the sample is stirred if desired. The sample wii! then proceed through the channel into reagent-attached 
zone S wherein the three types of antigens to be assayed will bind to the enzyme-labelled antibody 
attached to reagent-attached area 40 to form three types of antigen-enzyme-labelled antibody com- 
plexes. When the sample solution proceeds into reagent-immobilized zone X, the antigen-enzyme- 
labelled antibody complexes will bind to the corresponding antibodies immobilized in reagent-immo- 
bilized areas 30, 31 and 32. 

(2) The sample solution or a buffer solution is introduced into reagent-attached zone T from fluid inlet 11 
to dissolve the substrate for the enzyme attached in reagent-attached area 41 of reagent-attached zone 
T. The thus dissolved substrate for the enzyme will reach reagent-immobilized zone S after the 
immobilization of the antigen-enzyme-labelled antibody complexes onto reagent-immobilized areas 30, 
31 and 32. 

(3) When the necessary reactions are completed, the reaction vessel will become inclined as shown in 
FIG. 7d with the downstream side of the reaction vessel moving downward in the direction indicated by 
the arrow in FIG. 7c. After an optional washing with a washing solution, the results are evaluated by 
measuring the signal indicated by the substrate. 

The reaction vessel of this type is useful for assaying a small amount of sample such as serum taken 
from an infant. 

It is to be noted that, in reagent-attaching area 40 of reagent-attaching zone S, three different enzyme 
labelled-antibodies against three .different antigenic determinants which are not common to the three 
different antigens to be assayed may be attached instead of the enzyme labelled-antibody against an 
antigenic determinant common to all of the three different antigens. It is also to be noted that, although the 
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(4) When fluid reservoir 70 and capillary channel 51 become empty, the sample filled in capillary channel 
55 and reagent-attached zone T is drawn through capillary channel 52 to reagent-attached zone S, and 
further, through capillary channel 53 to reagent-immobilized zone X, and still further, through capillary 
channel 54 to absorbent material-accommodated area 80. 

As set forth above, all the necessary reactions may be completed by simply introducing the sample into 
the channel since the channel is branched to enable for the different reagents to be attached to different 
positions of the channel in order to supply the suitable reagent in accordance with the order of the 
reactions. 

The liquid movement of the fourth type is a variation of the above-described third type, and is found, for 
example, in the reaction vessel of FIG. 9b wherein the channel has reagent-attached area 40 in the 
upstream of fluid inlet 10. It is to be noted that no fluid outlet is particularly provided in the channel of the 
reaction vessel of this type since the channel is open on its upper surface as shown in FIG. 9c. 

The movement of the liquids in the reaction vessel of this type is described below with regard to the 
case wherein the substance in the sample to be assayed is an antigen, reagent-immobilized area 30 in 
reagent-immobilized zone X has a monoclonal antibody against the antigen to be assayed immobilized 
thereto, and reagent-attached area 40 in reagent-attached zone T has a fluorescence-labelled monoclonal 
antibody attached thereto. 

(1) The sample is introduced into the channel from fluid inlet 10 to fill fluid reservoir 70. 

(2) The sample proceeds into channel 50a in the downstream of fluid reservoir 70 toward fluid sump 90. 
At the same time, the sample proceeds into channel 50b in the upstream of fluid reservoir 70 to fill 
reagent-attached zone T, whereupon the fluorescence-labelled monoclonal antibody dissolves into the 
sample solution. 

(3) The sample drawn into channel 50a proceeds into reagent-immobilized X. and the antigen included in 
* the sample is immobilized onto reagent-immobilized area 30. The sample further moves through channel 

50c into absorbent-material-accommodated area 80. 

(4) When fluid reservoir 70 becomes empty, the sample filled in channel 50b having the fluorescence- 
labelled monoclonal antibody dissolved therein is drawn through channel 50a to reagent-immobilized 
zone X. and further, through channel 50c to absorbent material-accommodated area 80. 

As set forth above, the provision of reagent-attached zone T in the upstream of fluid inlet 10 results in 
an increased time interval between the arrival of the substance in the sample to be assayed and the arrival 
of the labelling reagent to reagent-immobilized zone X to facilitate a sufficient immobilization of the 
substance to be assayed onto reagent-immobilized zone X. 

it is to be noted that a washing solution may optionally be introduced into the channel from fluid inlet 10 
to fully remove the unreacted fluorescence-labelled monoclonal antibody from the reagent-immobilized 
zone. 

The liquid movement of the fifth type is found in the reaction vessel wherein the channel has a plurality 
of fluid inlets as shown in FIGS. 3a, 3b and 3c and in FIGS. 7a and 7b in top plan views of segments of the 
reaction vessel. 1 

In the reaction vessel whose top plan views of the segments are shown FIGS. 3a ( 3b and 3c, the 
sample introduced into the channel from fluid inlet 10 fills fluid reservoir 70, and proceeds through capillary 
channel 53, throat 60 and capillary channel 54 to outlet 20. On the other hand, liquids including the buffer 
and reaction solutions introduced into the channel from fluid inlet 11 fill fluid reservoir 71 and proceeds 
through capillary channel 51, throat 61, capillary channel 52, communicating channel 56 (57) and capillary 
channel 54 to outlet 20. Therefore, the liquids introduced from fluid inlet 11 will reach reagent-immobilized 
area 30 after the sample solution introduced from fluid inlet 10 has gone through reagent-immobilized area 
30. 

In the reaction vessel whose top plan views of the segments are shown in FIGS. 7a and 7b, the sample 
introduced into the channel from fluid inlet 10 first goes through reagent-immobilized zone X, and thereafter, 
liquids such as the buffer and reaction solutions introduced into the channel from fluid inlet 11 goes through 
reagent-immobilized zone X. 

The reaction vessel of FIG. 11 is also provided with a plurality of fluid inlets. The reaction vessel of this 
type is useful in such a case wherein the samples or the reagents which react with each of the reagents 
immobilized in reagent-immobilized areas 30, 31 and 32 should be introduced separately from each other 
without mixing them together before the introduction. 

The reaction vessel of FIG. 11 may be used in such a way that the sample introduced into the channel 
from fluid inlet 10 goes through reagent-immobilized areas 30, 31 and 32 before the reaction solutions 
introduced from fluid inlets 11, 12 and 13 go through reagent-immobilized areas 30, 31 and 32, respectively. 
Alternatively, it may be used in such a way that different samples and reagents introduced from fluid inlets 



attached area in the upstream of the reagent-immobilized area, the frequency of dispensing various reaction 
solutions into the reaction vessel may be reduced to enable a simple operation. 

The reagent-attached area has a reagent tentatively attached thereto to a degree such that the reagent 
attached onto the reagent-attached area will be removed when a liquid flows over this reagent-attached 
area. The reagent-attached area, therefore, may be provided by such a process as applying an aqueous 
solution of the reagent at an appropriate position of the channel followed by lyophilization to attach the 
reagent onto the area. 

The reagent-attached area may be located at any desired place in the upstream of the reagent- 
immobilized area. For example, reagent-attached area 40 of the reaction vessel of FIGS. 3a. 3b, 3c, 3d, 3e 
and 3f is situated in capillary channel 52. The reagent-attached area 40 may be alternatively provided in 
fluid reservoir 71. 

Reagent-attached area 40 may also be provided within the channel in the upstream of fluid inlet 10 as 
shown in FIG. 9b. With such an arrangement, the reagent attached in reagent-attached area 40 will reach 
rea g en t-i mm obilized area 30 after the substance in the sample to be assayed has fully reacted with the 
reagent immobilized in reagent-immobilized area 30. 

Referring to FIGS. 6b, 7b and 8b, reagent-attached zones S and T each having a large inner volume are 
provided in the channel, and reagent-attached areas 40 and 41 are included in reagent-attached zones S 
and T, respectively. The number of the reagent-attached area included in one reagent-attached zone is not 
limited to one, and two reagent-attached areas 41 may be provided in reagent-attached zone T as in the 
case of FIG. 8b. When such a reaction vessel is used for an enzyme immunoassay of an antigen in the 
sample by sandwich method after attaching an enzyme-labelled antibody and a substrate for the enzyme in 
its reagent-attaching areas, the only operation required for completing all the necessary reactions would be 
introduction of the sample into the reaction vessel. 

* The reagent which is attached onto the. reagent-attaching area is either a reagent which binds to the 
substance in the sample to be assayed or a reagent which binds to the reagent immobilized in the reagent- 
immobilized area. Exemplary such reagents include a labelled antigen, a labelled antibody, a labelled 
hapten, a labelled DNA, and when an enzyme is used for the label, a substrate for the enzyme label. 

The provision of the reagent-attached zone having a cross-sectional area larger than that of the capillary 
channel is preferable in terms of fully promoting the reactions. 

As described above, the reagent-immobilized area and the reagent-attached area are formed by 
immobilizing or attaching the predetermined reagent within the area. A more reliable contact or reaction 
between the substance in the sample to be assayed and the reagent immobilized or attached in the area 
may be facilitated by providing the reagent-immobilizing area or the reagent-attaching area with a recess 
and/or a group of protrusions and immobilizing or attaching the reagent within the recess and/or within the 
recess. 

FIG. 18a is a cross-sectional view of structure 2 wherein recess 33a is formed in the bottom surface of 
channel 50. FIG. 18b is a cross-sectional view of structure 2 wherein a group of protrusions 35a, 35b and 
35c are mounted on the bottom surface of channel 50. FIG. 18c is a cross-sectional view of structure 2 
wherein recess 33a is formed in the bottom surface of channel 50 and a group of protrusions 35a through 
35e are mounted on the bottom surface of recess 33a. Such a recess or a group of protrusions may be 
formed by any desired method known in the art, and they may be formed simultaneously with or 
subsequent to the formation of the channel. 

When the recess is formed in the channel to immobilize the reagent therein, it is preferable to form 
reagent-immobilizing zone X to accommodate recesses 33a to 33i arranged in the pattern of fan shape or 
" + " as shown in the above-described FIGS. 17a, 17b and 17c. 

When the reagent-immobilizing area is provided with groups of protrusions, it is also preferable to 
arrange them in the pattern of fan shape or " + n . 

Individual protrusions 35a through 35f constituting the group of protrusions 35 may be a circular 
cylinder, a prism, or a circular cylinder with swollen head as shown in FIGS. 19a, 19b and 19c. 

The protrusion may preferably have a cross-section with a diameter or a side in the range of about.0.3 
/tm to 1.0 mm. 

The protrusion may have a height which suits its cross-sectional area The height may preferably be in 
the range of about 0.5 to 2.0 mm. 

The protrusions are spaced from each other such that the liquids are retained between the protrusions. 

The liquids are believed to be retained between the protrusions through surface tension and capillary 
action. Therefore, the distance between the adjacent protrusions should be short enough to allow for the 
surface tension and the capillary action to be functioned. However, when the distance is too short, the 
liquids such as the sample and various reaction solutions may not smoothly get into the space between the 
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when structure 2 comprises a styrene resin. 

When structure 2 comprises three or more segments, and the channel is defined between two adjacent 
segments the channel defined between two adjacent segments is connected to the channel defined 
between another two adjacent segments. Referring to FIGS. 3a. 3b, 3c, 3d, 3e and 3f. capillary channel 52 
defined in the upper surface of segment 4 is connected to capillary channel 54 defined in the upper surface 
of segment 5 by a vertical channel 56 (57). Such a construction may allow for a relatively long channel to 
be formed in a relatively small structure 2. 

When hydrophilic thread 59 is accommodated in a portion of the channel as in the case of FIGS. 7a. 7b 
and 7c, and FIGS. 8a, 8b, 8c, 8d and 8e, hydrophilic thread 59 may be fixed onto the channel at opposite 
ends and corners of the thread with an adhesive by any conventional method. 

The reaction unit of the present reaction vessel has at least one reagent-immobilized area in the above- 
described channel. 

The reagent-immobilized area is prepared by immobilizing a substance or a reagent which specifically 
binds to the substance to be detected onto the reagent-immobilizing area defined in the channel. The final 
reaction in a series of reactions which take place in the present reaction vessel is promoted in this area, and 
therefore, the results are evaluated in this area to determine the presence/absence or the quantity of the 
substance to be detected through observation in the case of a qualitative assay or measurement in the case 
of a quantitative assay. 

The reagent which is immobilized onto the reagent-immobilizing area may typically be an antibody, an 
antigen, a hapten or a derivative thereof when the assay is based on an immunoreaction, and DNA or RNA 
when the assay is based on a nucleic acid-hybridization reaction. Other substances such as a lectine, a 
receptor and a ligand may also be used as the reagent so long as they specifically react with the substance 
to be assayed. 

* The reagent-immobilizing area is defined in the channel in the downstream of all of the at least one fluid 
inlet although the channel may extend to any desired length in the downstream of the reagent-immobilizing 
area. In an embodiment wherein the fluid introduced into the reaction vessel is discharged from the fluid 
outlet, the reagent-immobilizedarea is defined in the vicinity of the downstream end of the channel. In an 
embodiment wherein the fluid introduced into the channel is not discharged from structure 2, the reagent- 
immobilizing area is defined in a relatively upstream portion of the channel so that the fluid sump may be 
defined in its downstream. 

The reagent-immobilizing area may have a non-limited configuration, for example, quadrilateral, circle, 
ellipsoid and hexagon. 

As described above, the presence or the quantity of the substance to be assayed is determined in the 
reagent-immobilized area. In an embodiment wherein the channel is defined in two or more planes as in the 
case of FIGS. 3a through 3c and 8a through 8c, the results may be determined at a higher precision with 
either naked eye or optical equipments when reagent-immobilizing area 30 does not overlap with the 
channel in other plane. 

When the results of the assay are indicated by a color development, a detection or measurement at a 
higher precision may be attained by fabricating portions 6 and 7 of segments 3 and 4 respectively 
corresponding to reagent-immobilized area 30 from a non-colored, transparent material as in the case of 
FIGS. 3a, 3b and 3c. 

When the results of the assay are to be determined with a transmitted light in such a reaction vessel, 
segment 5, wherein reagent-immobilizing zone 30 is defined, may also be fabricated from a non-colored, 
transparent material for evaluating the results at a high precision. 

The reagent-immobilizing area may be defined in the channel without dilating the channel. Alternatively, 
the channel may be partly dilated to define a reagent-immobilizing zone to include either one reagent- 
immobilizing area or two or more reagent-immobilizing areas. The number of the reagent-immobilizing zone 
provided in the channel is not limited to one, and the channel may be provided with a plurality of reagent- 
immobilizing zones. 

When a plurality of reagent-immobilizing areas are defined in the channel, an easy evaluation of the 
assay results at a high precision or a simultaneous multi-item assay may be enabled by arranging the 
reagent-immobilizing areas in an appropriate pattern. 

Various embodiments wherein a plurality of reagent-immobilizing areas are defined in the channel are 
hereinafter described with reference to the drawings. 

Referring to FIG. 12, two reagent-immobilizing areas 30 and 31 are provided in one reagent- 
immobilizing zone X. Referring to FJG. 7b. three reagent-immobilizing areas 30, 31 and 32 are provided in 
one reagent-immobilizing zone X. Referring to FIGS. 8b and 10. two reagent-immobilizing areas 30 and 31 
or three reagent-immobilizing areas 30. 31 and 32 are provided in the capillary channel. Referring to FIG. 
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Water-absorbent materials are generally gas-permeable. The gas-permeability, however, may drop with 
the increase in volume of the liquids retained in the material. Therefore, in a reaction vessel wherein the 
channel is confined by the lid segment 3 on its upper side, it would be preferable to provide the channel 
with an outlet 20 in the upstream and in the vicinity of absorbent material-accommodating area 80 so that 
the gas may be discharged through the outlet even after the absorption/retention of the liquids within the 
water-absorbent material as shown in FIGS. 6b, 7b and 8a. 

Provision of fluid sump 90 is particularly preferred when there is. a danger of the sample being 
infectious or a contaminant being included in the sample, since the outlet, when provided, will be used only 
for the vent purpose and it will be possible to complete all the reactions without the sequentially introduced 
liquids being discharged from the reaction vessel. Disposal of the reaction vessel may then be readily 
carried out. Accommodation of water-absorbent material 81 in at least a part of fluid sump 90 is still more 
preferable since the liquids such as the sample introduced into the reaction vessel would be reliably 
absorbed and retained within the water-absorbent material without being discharged from the reaction 
vessel. Water-absorbent material 81 also fulfills another preferable function of drawing the liquids through 
the channel to facilitate a smooth flow of the liquids introduced into the reaction vessel from the fluid inlet. 

When the channel comprises a narrow zone having a relatively small cross : sectiohai area, which may 
be either a capillary channel or a non-capillary channel, and a dilated zone having a larger cross-sectional 
area to allow for a large volume of liquids to be accommodated therein! whiph may function as reagent- 
attached zone S or T or reagent-immobilized zone X t it is preferable to join the narrow zone and the dilated 
zone such that the dilated zone is gradually widened at a predetermined acute angle with the width of the 
dilated zone being gradually increased as shown in FIGS. 6b and 7b. Such a configuration of the dilated 
zone is a significant factor for the liquids flowing through the narrow zone to be able to continuously wet the 
interior of the dilated zone. When the dilated zone is suddenly widened at a dull angle with the width of the 
•dilated zone being sharply increased as in the case of FIG. 8b, the dilated zone may preferably have a 
sloped bottom surface declining downwards from the upstream end to the downstream end. The liquids 
flowing through the narrow zone will then be able to continuously flow through the dilated zone with the help 
of gravity to wet the interior of the dilated zone. 

in the embodiment wherein the channel includes a zone wherein hydrophilic thread 59 is accom- 
modated for allowing the liquids to flow therethrough (FIGS. 7b and 8b), flow rate of the liquids flowing 
through the channel may be adjusted or controlled by the thread to any desired value. 

in the reaction vessel of the present invention, flow rate of the liquids flowing through the channel is 
closely related to the precision of the reaction. More illustratively, in the case of an enzyme immunoassay, a 
high reaction accuracy may be realized by adjusting the flow rate to the lowest of the following: 

(i) a flow rate suitable for completing the immunoreaction; 

(ii) a flow rate suitable for completing the B/F separation; and 

(iii) a flow rate suitable for the color-developed substrate to be stably deposited on a predetermined 
position in the channel. 

The flow rate of the liquids flowing through ; the channel is. generally controlled by selecting an 
appropriate material for structure 2 and adjusting the cross-sectional area of the channel. The adjustment of 
the cross-sectional area may require a precise working or finishing of the channel involving a technical 
difficulty, and may result in an increased cost. When a thread is accommodated in a part of the channel for 
allowing the liquid to flow therethrough, the flow rate may be readily and precisely controlled by adequately 
selecting the type and the thickness of the thread. In particular, the flow rate of the liquids throughout the 
channel may be controlled by providing the hydrophilic thread in the Immediate upstream of the fluid sump. 

It is to be noted that the channel may be interrupted with the hydrophilic thread being stretched across 
the interruption as long as the liquids can flow through the hydrophilic thread at the interruption of the 
channel. In turn, when the hydrophilic thread is accommodated in the channel, the part of the channel 
accommodating the hydrophilic thread does not necessarily require a precise working or finishing, and 
therefore, there will be induced no technical or economical problem. 

Referring to FIGS. 8b and 8e, hollow chamber 58 is defined in the channel, and hydrophilic thread 59 is 
accommodated in the channel between reagent-immobilized area 31 and water-absorbent material 81 with 
hydrophilic thread 59 being stretched across hollow chamber 59. Referring to FIG. 8e, the liquids flowing 
through capillary channel 55 occupy the entire cross section of capillary channel 55 regardless of the 
hydrophilic thread 59 accommodated therein. In hollow chamber 58, the liquids flow only through hydro- 
philic thread 59 whose cross-sectional area is smaller than capillary channel 55. A full control of the flow 
rate is thus enabled to provide a necessary and sufficient time for the reactions to take place. 

The hydrophilic thread may typically comprise a yarn, a paper or a fabric. The cross-sectional area of 
the hydrophilic thread may be suitably selected depending on the time required for completing the 
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sample and a reaction solution may be introduced into the fluid inlets either simultaneously or one after 
another in a predetermined order. 

When the channel is provided with a plurality of fluid inlets, it is preferred to arrange fluid inlets 10 and 
11 such that the fluid entering from the fluid inlet in the downstream will flow in substantially the same 
5 direction as the fluid entering from the most upstream fluid inlet as shown in, for example, FIGS. 3a through 
3f. 

Although the most upstream fluid inlet is provided in the upstream end of the channel in most cases, it 
is also possible to provide fluid inlet 10 in the midst of channel 50 as shown in FIG. 9b. However, in the 
embodiment of FIG. 9b. the fluid initially flowing upstream (toward right in FIG. 9b) will finally flow 
70 downstream. 

the vent mechanism is typically a fluid outlet provided in the channel having a construction capable of 
ventilation. 

Referring to FIGS. 1a. 2a. 4, 5 and 10. fluid outlet 20 comprises a downstream open end of the channel 
situated in the side surface of the structure. Referring to FIG. 3c. the channel is bent in its downstream end 
75 portion to form fluid outlet 20 opening at the lower major surface of the structure. In these cases, liquids 
including the sample and the reagents as well as gases such as air are discharged from fluid outlet 20. 

Referring to FIGS. 6a, 6b t 7a. 7b and 8a. the channel is provided with two fluid outlets 20 and 21. The 
outlets may be situated in upper, side or lower surface of the structure, in these embodiments, as shown in 
top plan views of segments of FIGS. 6a. 6b. 7a, 7b. 8a and 8b. the channel is provided with fluid sump 90 
20 and water-absorbent material 81 is accommodated in fluid sump 90 as will be described later. In such a 
case, the liquid within the channel rarely flows out of fluid outlet 20, and fluid outlet 20 is primarily used for 
ventilating purpose. Fluid outlet 21 is provided for the purpose of introducing the liquid into reagent-attached 
zone T including reagent-attached area 40 as will be described later. Fluid outlet 21 also serves as a vent. 
* Referring to FIG. 1 1 , the channel is provided with three fluid outlets. In this embodiment, the channel is 
25 branched in midway to form branched channels (capillary channels 52, 53 and 54) and the downstream 
ends comprise fluid outlets 20, 21 and 22. 

As described above, the fluid outlet may be designed so as to discharge the liquids introduced into the 
reaction vessel such as the sample and the reagents together with the gases in the channel. Alternatively, 
the fluid outlet may be so designed that the liquid introduced into the reaction vessel will be stagnated 
30 within the channel and only the gasses in the channel will be discharged therefrom. 

The vent mechanism of the channel may not necessarily comprise such a fluid outlet. 
Referring to FIGS. 9a, 9b and 9c, structure 2 comprises segment 4 having a channel in the upper 
surface and lid segment 3 bonded to segment 4 on 4 sides thereof to define a space between lid segment 
3 and segment 4. When a liquid is introduced into the channel from fluid inlet 10, the gas or the air which 
35 was originally present in the interior of the channel will be transferred to the space defined between lid 
segment 3 and segment 4. The liquid will then be able to flow along the channel in spite of the absence of 
the fluid outlet. 

Channel 50 of various configuration may be formed in structure 2 as described below. 

Channel 50 may extend in various directions. Referring to FIGS. 1a and 1b, for example, channel 50 
40 extends in a direction parallel to the main surface of structure 2. Referring to FIGS. 3d and 3f, the channel 
comprises sections each extending in a direction parallel or vertical to the main surface of structure 2. The 
channel may also have a slope running down from the fluid inlet to the fluid outlet or the fluid sump (not 
shown). 

Channel 50 may have any desired path. The channel may have a straight path as shown, for example, 
45 in FIGS. 1a and 1b. The channel may also have a curved section as shown in FIGS. 2a, 3c and 4, or a 
winding section as shown in FIGS 3b. The channel may also turn at abrupt right angle as shown in FIGS. 
6b, 7b, 8b and 9b. The channel may also be branched as shown in FIG. 11. 

Channel 50 generally has a planar inside surface or inside wall as shown in FIG. 13a, although the 
channel is not limited to such a configuration and may have a dilated or widened portion 63 as shown in 
50 FIGS. 13b and 13c in top plan views. 

Channel 50 may have any desired cross section. Exemplary cross sections include a semioval or U- 
shape as shown in FIG. 14a, a rectangle as shown in FIG. 14b, a concave octagon as shown in FIG. 14c, a 
triangle or V-shape as shown in FIG. 14d and a concave pentagon or W-shape as shown in FIG. 14e, as 
well as circle and ellipsoid (not shown). In the embodiment of FIG. 14c, a narrowed bottom portion defined 
55 in the bottom of the channel forms capillary channel 51. In the embodiments of FIGS. 14d and 14e, acute 
angled bottom portion or portions. define capillary channel 51 or capillary channels 51 and 52. In these 
embodiments, a smooth flow of the liquids along channel 50 is facilitated by capillary action. Alternatively, 
channel 50 may be formed as an elongated space having a width just sufficient for supporting the liquid 
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FIGS. 6a and 6b are top plan views of segments of a reaction vessel according to a still further 
embodiment of the present invention, and 

FIG. 6c is a side view of the reaction vessel comprising the segments of FIGS. 6a and 6b assembled 
together. 

FIGS. 7a and 7b are top plan views of segments of a reaction vessel according to a still further 
embodiment of the present invention, and 

FIGS. 7c and 7d are side views of the reaction vessel comprising the segments of FIGS. 6a and 6b 
assembled together. 

FIGS. 8a, 8b and 8c are top plan views of segments of a reaction vessel according to a still further 
embodiment of the present invention, 

FIG. 8d is a side view of the reaction vessel comprising the segments of FIGS. 8a, 8b and 8c assembled 
together, and 

FIG. 8e is an enlarged cross-sectional view of the reaction vessel of FIG. 8d at part A of FIG. 8b. 

FIGS. 9a and 9b are top plan views of segments of a reaction vessel according to a still further 

embodiment of the present invention. 

FIG. 9c is a side view of the reaction vessel of FIGS. 9a and 9b taken along lines X-X. 

FIG. 10 is a top plan view of a reaction vessel according to a still further embodiment of the present 

invention. 

FIG. 11 is a top plan view of a reaction vessel according to a still further embodiment of the present 
invention. 

FiG. 12 is a top plan view of a reaction vessel according to a still further embodiment of the present 
invention. 

FIGS. 13a. 13b and 13c are fragmental top plan views of reaction vessels showing channels according to 
* different embodiments of the present invention. 

FIGS. 14a, 14b, 14c, 14d, 14e and 14f are fragmental cross-sectional views of reaction vessels showing 
channels according to different embodiments of the present invention. 

FIG. 15 is a partial cross-sectional view of a reaction vessel according to an embodiment of the present 
invention illustrating a process for fabricating a channel. 

FIG. 16a is an exploded perspective view of a reaction vessel according to an embodiment of the 
present invention illustrating a process for fabricating a channel, and 

FIG. 16b is a partial cross sectional view of the reaction vessel depicted in FIG. 16a taken across a 
channel thereof. 

FIGS. 17a, 17b and 17c are schematic top plan views of reagent-immobilized zones according to 
different embodiments of the present invention wherein a plurality of reagent-immobilized areas are 
arranged in different patterns. 

FIGS. 18a, 18b and 18c are partial schematic cross-sectional views of reaction vessels according to 
different embodiments of the invention taken across a channel at a reagent-immobilized area, wherein 
said reagent-immobilized area comprises a recess provided in the channel, a group of protrusions in the 
channel, and a group of protrusions provided within a recess in the channel, respectively. 
FIGS. 19a, 19b and 19c are schematic views of groups of protrusions according different embodiments 
of the present invention. 

FIG. 20 is a partial top plan view of a reaction vessel according to a still further embodiment of the 
present invention. 

FIG. 21 is a partial top plan view of a reaction vessel according to a still further embodiment of the 
present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention is hereinafter described in detail. 

The reaction vessel of the present invention comprises at least one reaction unit. A reaction vessel with 
one reaction unit is first described by .referring to drawings although a wide variety of embodiments are 
included within the scope of the invention. 

FIG. 1a is a perspective view of a reaction vessel according to an embodiment of the present invention, 
and FIG. 1b is a cross-sectional view of the reaction vessel of FIG. 1a taken along a channel thereof. 

FIG. 2a is a perspective view of a reaction vessel according to another embodiment of the present 
invention, and FIGS. 2b and 2c are cross-sectional views of the reaction vessel of FIG. 2a taken along lines 
A-A and B-B, respectively. 

FIGS. 3a, 3b and 3c are top plan views of segments of a reaction vessel according to a further 
embodiment of the present invention, FIG. 3d is a side view of the reaction vessel comprising the segments 
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BACKGROUND OF THE INVENTION 

This invention relates to a reaction vessel which may be used for measuring a minute amount of 
substance present in a living body by a simple and convenient operation. 

Microanalysis of a biological substance is often carried out for the purpose of diagnosing various 
diseases and determining effects of various treatments. A number of assays have been developed one after 
another ranging from simple and convenient assays to highly sensitive assays realizing a high measurement 
accuracy. Among these, simplified assays, which require no measuring equipment or reaction system, are 
finding a wide application owing to their simple operation in such cases wherein qualitative or semi- 
quantitative measurements are just sufficient to make diagnoses. For example, simplified assays are used 
for a measurement of glucose in urine and other biochemical tests, as well as pregnancy tests. Recently, 
simplified assays have also been used for detection of various pathogenic viruses by nucleic acid 
hybridization with DNA probes. 

Typical simplified assays based on immunoreactions (antigen-antibody reactions) include those utilizing 
an agglutination reaction (i.e. agglutination or non-agglutination) using a latex or red blood cell for their 
carrier and enzyme immunoassays (EIA) using an enzyme for labelling purposes. 

Among the agglutination reactions, those utilizing agglutination-precipitation reaction are conducted in 
an ampoule having a spherical bottom surface by using red blood cell or analogous synthetic material for 
their carrier, and their results are evaluated by presence or size of a ring or a spot precipitated inside the 
^spherical bottom surface. These processes may be conveniently carried out with a relatively high 
measurement sensitivity, but may take a long time for obtaining the results since they are based on 
precipitation of red blood cells or analogous synthetic materials. ' 

The process utilizing a latex for the agglutination reaction is carried out on a slide by using a latex as 
their carrier. The results are evaluated after stirring the sample by observing the degree of agglutination. 
The latex agglutination reaction is not very sensitive, but can be carried out in a short period by a simple 
operation. Therefore, the latex agglutination reaction is widely employed in such application as pregnancy 
test wherein a high sensitivity is not necessarily required. The latex agglutination reaction, however, requires 
much skill for determination of the results, and therefore, those who are capable of making an accurate 
determination are primarily limited to doctors and laboratory technicians in medical institutions including 
hospitals and clinics. 

The enzyme immunoassays are more sensitive than other simplified assays, but often take a relatively 
long reaction time for obtaining a high sensitivity. The enzyme immunoassays also suffer from a drawback 
that troublesome operations are required for B/F (bound/free) separation and an incomplete B/F separation 
would result in non-specific reactions in the subsequent enzyme reaction step leading to an erroneous 
evaluation of the results. B/F separation is a separation of an antigen-antibody complex (an antigen bound 
to an antibody, B) from free antigens or antibodies (F) in the case of an antigen-antibody reaction. 

As set forth above, the simplified assays based on agglutination reactions are capable of detecting the 
presence of a substance, but are unsuitable for quantitative analyses wherein the amount of the substance 
present is to be determined. On the other hand, the enzyme immunoassays, in spite of their drawbacks of a 
prolonged reaction time and a troublesome B/F separation, are capable of conducting a quantitative assay 
as well as a qualitative assay since the results of the enzyme immunoassays may be represented in 
qualitative or quantitative forms by either the presence/absence or the degree of color change, namely, 
color development of the reaction solution. Also, the results may be easily and accurately discerned by 
anyone. Owing to such an advantage, a number of investigations have been carried out to shorten their 
reaction time and to simplify the B/F separation. As a matter of fact, an enzyme immunoassay satisfactory 
for practical use is not yet developed. 

Recently, an assay utilizing a nucleic acid hybridization is employed for the simplified assay to detect a 
particular DNA or RNA (only DNA may be hereinafter mentioned, but detection of an RNA is also intended 
to be included within the scope of the invention). The nucleic acid-hybridization assay is analogous to the 
immunoassay utilizing an antigen-antibody reaction, especially an enzyme immunoassay, in that the 
reaction mechanism is based on selectivity of the DNA probe to hybridize with the particular DNA. 
Accordingly, steps included in enzyme immunoassays are likewise required in the nucleic acid-hybridization 
assay, and conventional nucleic acid-hybridization assays also suffered from the drawbacks of a long 
reaction time and a troublesome B/F separation, which should be overcome. 

To overcome such drawbacks, Japanese Patent Application Kokai No. 63-20063 and Japanese Patent 



